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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 we think 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. Before PHY fast switch mechanism, small cell can already be activated/deactivated through X2 signaling [5].
When SeNB 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 sSCell 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 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 have to be turned 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, 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:
It should be possible to handover a UE to a cell in DTX state. Handover request can be a trigger to switch a cell from DTX to ON.
2.2 Carrier Aggregation

CA can be configured under MeNB, although it is possible configure an OFF cell as SCell and only activate it when the SCell is turned ON. From R2 modeling, it is easier to just consider that an OFF cell cannot be configured as SCell. Therefore, if a cell is SCell for a UE, MeNB shall always keep the cell ON. We also assume that the new PHY fast switch mechanism does not apply to any cell of 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 cell of SeNB. SeNB can configure an sSCell to a UE regardless of its state. 

For activation/deactivation, SeNB can activate/deactivate (L2) the sSCell for the UE when the sSCell is ON or DTX, but SeNB shall not activate the sSCell for the UE when the sSCell is OFF. In general, it is beneficial for SeNB to deactivate the sSCell for the UE if the sSCell is DTX, but if fast switch is needed for PHY fast switch, L2 activation/deactivation might not be enough (maximum 24ms delay). 
In conclusion, current L2 SCell activation/deactivation procedure (explicit and implicit) can be used to align sSCell ON/DTX state with SCell activated/deactivated state for the UE. 
If faster switch is needed, then we need to rely on R1 enhancement. R1 is discussing L1 signaling for switching between ON/DTX. Since the SCell activation/deactivation delay is due to UE capability and if it is not fast enough, then SeNB has no way to always activate the sSCell for the UE. Therefore, it is possible to see an sSCell is DTX and activated for the UE and no new behavior is required.
Proposal 3:
MeNB does not support PHY fast switch.
Proposal 4:
SeNB can configure an sSCell in any state to a UE. 
Proposal 5:
SeNB should align an sSCell ON/DTX state with its activated/deactivated state for the UE as much as possible. If small cell needs faster switch than L2 activation/deactivation, SeNB keeps the sSCell activated for 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 is applied to all cells, therefore, even a pSCell can be in DTX state. Of course, it is possible to 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. 
When pSCell is DTX and activated for the UE, UE can at least stop periodic uplink transmission, e.g. CQI, SRS for power saving. However, then it is not exactly “activated”. 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. It is proposed that R2 discuss whether a new state and corresponding behavior, other than activated/deactivated, should be defined. 
Similar to handover request, dual connectivity request can be a trigger to switch target cell from DTX to ON. 

Proposal 6:
SeNB can configure an pSCell in ON or DTX to a UE. Dual connection request can be a trigger to switch a small cell from DTX to ON.
Proposal 7:
R2 discuss whether to define a new state for the UE when a pSCell is DTX and activated for the UE and corresponding behavior, e.g. UE only stops UL transmission.
For fast switch, SeNB can simply keep the pSCell activated for the UE. This behavior is similar to sSCell management. Furthermore, when a pSCell eNB is in DTX, a sensible UE behavior is also to stop monitoring PDCCH for power saving. For not so fast state switch, it is proposed that current L2 activation/deactivation can be reused to deactivate the pSCell for the UE. 
Proposal 8:
R2 discuss whether to reuse current activation/deactivation command to deactivate pSCell when the small cell is DTX.
If R2 agrees on pSCell deactivation, then we can discuss the mechanism to deactivate the pSCell. It is proposed to reuse the procedure of cell activation and deactivation for SCell specified in 5.13 of [2] as the baseline for pSCell activation/deactivation. 

For the activation, following actions shall be applied to the pSCell:
· SRS transmissions on the pSCell

· HARQ feedback transmission on the pSCell

· SR transmission on the pSCell

· CQI/PMI/RI/PTI transmission on the pSCell

· PDCCH monitoring on the pSCell

For the deactivation, following actions shall be applied to the pSCell:
· Flush all HARQ buffers associated with the pSCell
· Not transmit SRS on the pSCell

· Not transmit HARQ feedback transmission on the pSCell

· Not transmit CQI/PMI/RI/PTI on the pSCell

· Not transmit on UL-SCH on the pSCell
· Not monitor the PDCCH on the pSCell
· FFS further R1 action
For RACH and SR, considering there could be SCG bearer, we think it should be possible for UE to transmit to a deactivated pSCell.
Proposal 9:
For pSCell activation/deactivation, UE shall apply the listed actions when pSCell is activated/deactivated.
Proposal 10:
UE can transmit RACH and SR when pSCell is deactivated.
On the failure reporting, it was agreed that UE shall inform MeNB of random access failure associated with an SCG cell at least for the pSCell [3]. With PHY fast switch mechanism, we think UE shall inform MeNB only when the pSCell is activated.
Proposal 11:
UE shall inform MeNB of random access failure for the pSCell when it is activated.
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Figure 2 pSCell state and UE state
Figure 2 illustrates our modeling for the pSCell and UE state. In principle, pSCell activation/deactivation state should match the ON/OFF of the cell, with the exception that an ON pSCell can be deactivated for a UE when the UE has no traffic. 
From RAN1’s discussion, the on/off switch is quite fast. The transition time, which is defined as the data arrival at small cell buffer to first DL scheduling, should be =< 10 ms, such fast switch is achieved by frequent DRS (~100ms) to make it always a warm start.  For activation/deactivation signaling, there are several alternatives:
1) SeNB activate/deactivate pSCell directly
It is possible to reuse reserved bit in Activation/Deactivation MAC Control Element to deactivate the pSCell. However, if the SeNB also wants to be able to activate the pSCell, new mechanism is needed to wake up UE for PDCCH monitoring on deactivated pSCell. 
Furthermore, our understanding is RAN1 is still discussing a new L1 procedure for PHY fast switch operation to further reduce transition time as compared to L2 MAC CE. So, it is proposed that R2 wait for further information from R1.
2) SeNB activate/deactivate pSCell through MeNB

Due to the delay on X2, this alternative cannot achieve fast switch. Furthermore, R2 has agreed that cross eNB activation/deactivation command is not needed.
3) UE autonomously activate/deactivate pSCell
If UE monitors pSCell frequent enough, it is possible for the UE to detect the pSCell state and activate/deactivate pSCell on its own. However, frequent monitoring consumes power and does not seem to justify the gain for this case. Furthermore, the reliability is an issue, since UE would stay in ambiguous period longer and cause network scheduling problem.
Proposal 12:
SeNB activate/deactivate pSCell directly. Further discussion until R1 has further information.
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:
It should be possible to handover a UE to a cell in DTX state. Handover request can be a trigger to switch a cell from DTX to ON.
On the interaction with CA:

Proposal 3:
MeNB does not support PHY fast switch.
Proposal 4:
SeNB can configure an sSCell in any state to a UE.
Proposal 5:
SeNB should align an sSCell ON/DTX state with its activated/deactivated state for the UE as much as possible. If faster switch than L2 activation/deactivation is required, SeNB keeps the sSCell activated for the UE.

On interaction with DC:

Proposal 6:
SeNB can configure an pSCell in ON or DTX to a UE. Dual connection request can be a trigger to switch a small cell from DTX to ON.
Proposal 7:
R2 discuss whether to define a new state for the UE when a pSCell is DTX and activated for the UE and corresponding behavior, e.g. a “silent” state that UE stops UL transmission.

Proposal 8:
R2 discuss whether to reuse current activation/deactivation command to deactivate pSCell when the small cell is DTX.
If R2 agrees on P7:
Proposal 9:
For pSCell activation/deactivation, UE shall apply the listed actions when pSCell is activated/deactivated.
For the activation, following actions shall be applied to the pSCell:
· SRS transmissions on the pSCell

· HARQ feedback transmission on the pSCell

· SR transmission on the pSCell

· CQI/PMI/RI/PTI transmission on the pSCell
· PDCCH monitoring on the pSCell

For the deactivation, following actions shall be applied to the pSCell:
· Flush all HARQ buffers associated with the pSCell

· Not transmit SRS on the pSCell
· Not transmit HARQ feedback transmission on the pSCell

· Not transmit CQI/PMI/RI/PTI on the pSCell
· Not transmit on UL-SCH on the pSCell
· Not monitor the PDCCH on the pSCell

· FFS further R1 action
Proposal 10:
UE can transmit RACH and SR when pSCell is deactivated.
Proposal 11:
UE shall inform MeNB of random access failure for the pSCell when it is activated.
Proposal 12:
SeNB activate/deactivate pSCell directly. Further discussion until R1 has further information.
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