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1 Introduction

RAN1 has sent LS [1] for the small cell on/off mechanism. This paper discussed its impacts on Dual Connectivity.
2 Discussion
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Figure 1 Cell state (ON/DTX/OFF) with CA and DC

After the introduction of small cell on/off mechanism (to avoid confusion, we will refer it as PHY fast switch), in our view, following states can be defined for small cell:
ON
Cell is transmitting legacy signals and channels, optionally transmitting DRS.
DTX
Cell is only transmitting DRS. This state is often referred as “off” in R1, but DTX is the better term. Also from neighbor cell point of view, the cell is still ON. From R2 point of view, it is proposed to consider DTX as a sub-state of ON.
OFF
Cell is completely off. Small cell can be activated/deactivated through X2 signaling [2].
When an eNB supports the PHY fast switch on L1 and cell activated/deactivated on X2, it can dynamically switch among pre-mentioned states of a cell that is under its control regardless of whether the cell is configured as pSCell or SCell to any UE. For transition between ON(including DTX)/OFF, existing X2 signaling is used and all neighbor cells are informed. For transition between ON/DTX, the new PHY mechanism (FFS R1) shall be used.
Proposal 1:
From R2 modeling, a small cell can be one of the following states: ON, DTX, OFF, and DTX is considered as a sub-state of ON. 
2.1 Handover
In order to handover a UE to a cell, it first has to be turned on through X2 signaling. Therefore, it should clear that handover to an OFF cell is not possible. Also, when a cell is going to be turned off, all UE should be handovered to neighbor cells. On the other hand, it should be possible to handover a UE to a DTX cell. In our view, no additional X2 signaling is needed if the cell is in OFF state, handover request itself can be the trigger to switch target cell from DTX to ON. 
If a cell is PCell for a UE, MeNB shall always keep the cell ON.
Proposal 2:
An eNB does not need to consider cell state when triggers handover to a target cell. Handover request is a trigger to switch a cell from DTX to ON.
2.2 Carrier Aggregation

Similar to MeNB, CA can also be configured under SeNB and from R2 modeling point of view, the new PHY fast switch mechanism can be applied to any small cell under MeNB or SeNB. And an eNB can configure an SCell to a UE regardless of its state. 

For activation/deactivation, eNB can activate/deactivate (L2) the SCell for the UE when the SCell is ON or DTX, and eNB shall not activate the SCell for the UE when the SCell is OFF. In general, it is beneficial for SeNB to deactivate the SCell for the UE if the SCell is DTX. For interference and throughput point of view, fast switch is needed to achieve higher gain. Since L2 activation/deactivation is not fast enough (maximum 24ms delay), there is a need for faster PHY switch.
In conclusion, current L2 SCell activation/deactivation procedure (explicit and implicit) can be used to align SCell ON/DTX state with SCell activated/deactivated state for the UE. 
For faster switch, R1 is discussing L1 signaling for switching between ON/DTX. The SCell activation/deactivation delay depends on UE capability, if it is not fast enough, then eNB has no way to always keep the SCell activated for the UE. Therefore, it is possible to see an SCell is DTX and activated for the UE and no new behavior. From UE power consumption point of view, it is highly preferable to align the cell ON/DTX state with UE ON/DRX if DRX is configured.
Proposal 3:
An eNB does not need to consider cell state when configure a SCell. 
Proposal 4:
An eNB aligns SCell ON/DTX state with activated/deactivated state (UE state). 
Proposal 5:
If fast PHY switch is used, an eNB provides DRX configuration and aligns SCell ON/DTX state with ON/DRX state of the UE.
2.3 Dual Connectivity

For PCell of MeNB, there is no modeling for deactivation since so far it is always activated. However, for SeNB, PHY fast switch mechanism can be applied to all cells, therefore, even a pSCell can be in DTX state. Of course, eNB can release the pSCell, but then it is not possible to turn on the small cell within short delay, which makes the PHY fast switch mechanism unusable. 
Similar to handover request, dual connectivity request can be a trigger to switch target cell from DTX to ON.

When pSCell is DTX and activated for the UE, UE can at least stop periodic uplink transmission, e.g. CQI, SRS for power saving. Unlike CA which is used at cell center, DC can be served as a basic configuration in small cell area. Since UE might stay at this state for a long time, power consumption performance should be considered. 
One possibility is to define a new state, other than current activated/deactivated (UE state). The new state and corresponding behavior is only applicable to the pSCell and can largely reuse the current activated/deactivated state with the exception on UL operation.
Another possibility is to rely on DRX and network alignment, i.e. eNB aligns the cell ON/DTX state of pSCell with UE ON/DRX.

Proposal 6:
An eNB does not need to consider cell state when configure a pSCell. Dual connectivity request is a trigger to switch a small cell from DTX to ON. 
Proposal 7:
R2 discuss the following alternatives:
1) Define a new UE state and corresponding behavior. The new state is when pSCell is DTX and activated for the UE.
2) No new UE state. eNB configures DRX and aligns SCell ON/DTX state with ON/DRX state of the UE.
3 Conclusion
 For small cell on/off mechanism (PHY fast switch), it is proposed to discuss and decide on following proposals:
On the basic modelling:

Proposal 1:
From R2 modeling, a small cell can be one of the following states: ON, DTX, OFF, and DTX is considered as a sub-state of ON. 
On the interaction with handover:
Proposal 2:
An eNB does not need to consider cell state when triggers handover to a target cell. Handover request can be a trigger to switch a cell from DTX to ON.
On the interaction with CA:

Proposal 3:
An eNB does not need to consider cell state when configure a SCell. 
Proposal 4:
An eNB aligns SCell ON/DTX state with activated/deactivated state (UE state). 

Proposal 5:
If fast PHY switch is used, an eNB provides DRX configuration and aligns SCell ON/DTX state with ON/DRX state of the UE.

On interaction with DC:

Proposal 6:
An eNB does not need to consider cell state when configure a pSCell. Dual connectivity request is a trigger to switch a small cell from DTX to ON. 
Proposal 7:
R2 discuss the following alternatives:

1) Define a new UE state and corresponding behavior. The new state is when pSCell is DTX and activated for the UE.

2) No new UE state. eNB configures DRX and aligns SCell ON/DTX state with ON/DRX state of the UE.

R1 is still discussing on L1 signaling for fast switch. Considering the remaining time, we prefer Alt. 2 since it has less UE impact.
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