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1 Introduction

In RAN#62, the Small Cell Enhancements PHY WI was agreed. In the WID [1], an objective is to support efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells, for existing handover (HO), CA activation/deactivation, and dual connectivity (if supported) procedures.
In this contribution, we discuss support for small cell on/off transition time reduction. The related discovery design and enhancements of RRM measurements are addressed in companion contributions [2]
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[3].
2 Small cell on/off transition time reduction
The main new mechanisms that enable potential small cell on/off transition time reduction are:

· DRS and DRS-based measurements

· Dual connectivity

These mechanisms may be used to facilitate the following procedures:

· HO

· CA activation/deactivation

· Dual connectivity related procedures
2.1 HO procedure related enhancements
Turning on/off a small cell with handover may occur in the following scenarios:
· Scenario 1: Target eNB (a small cell) is turning on

There are benefits to turn on a small cell before handover a UE to that cell. The channel conditions between the UE and that cell can be measured based on DRS associated with that cell and reported before that cell is turned on, and the turning on can be triggered by arrival of traffic (either DL or UL) for the UE.

· Scenario 2: Source eNB (a small cell) is turning off

There are benefits to handover a UE out before turn off a small cell. The turning off can be due to the completion of traffic, interference management, and load balancing/shifting reasons.
Only minor impacts to the existing process are expected for HO procedure enhancements, mainly to incorporate the DRS and DRS-based measurements and the state transition of a small cell. In Figure 1, an example to enhance the existing HO procedure is illustrated for Scenario 1 (similar enhancements can be adapted for Scenario 2).
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Figure 1. An example way for HO enhancements for small cell on/off. (Modified from Figure 10.1.2.1.1-1 [6], with changes highlight in green.) UE performs measurements based on configured DRS (including the DRS transmitted by the target eNB which may be turned off) and reports to the network.
In more detail, the enhancements may include:
· Incorporating the DRS and DRS-based measurements for Step 1, Step 2, and Step 9 in Figure 1.
In Step 1, the source eNB configures the UE with measurement objects including those based on DRS. In Step 2, the source eNB receives  measurement reports including those based on DRS. The target eNB, though is off before Step 6, can still be measured through its DRS transmitted during its OFF period. See [2]
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[3] for details regarding discovery design and measurements. 
In Step 9, the UE may perform fine synchronization with the target eNB based on CRS. The UE already acquired coarse synchronization based on DRS, and it should assume the CRS and DRS carry the same time/frequency and channel characteristics. To this aim, the measurement objects in Step 1 are configured such that the DRS antenna port(s) and the CRS antenna port(s) (or equivalently, the PCID associated with the CRS) are related by a quasi co-location assumption for time and frequency synchronization (average delay and Doppler shift).
These changes are mainly reflected in the RRC signaling.

· Incorporating the small cell state changes for Steps 4, 5, and 6 in Figure 1.
As the target eNB is a turned-off small cell, the HO Request from the source eNB may also serve as a Turning-on Request in Step 4. In Step 5, a turning-on decision is made, and the acknowledgement for both the HO Request and Turning-on Request is sent back to the source eNB. In the meantime, the target eNB is turning on. These steps may also involve a small cell cluster coordinator (e.g., macro eNB), in which case the information exchange may be different.
These changes are mainly reflected in network-side signaling (e.g., X2 signaling).

Proposal 1: Enhance RRC signaling to incorporate DRS-based measurement and synchronization.
Proposal 2: Enhance network-side signaling to incorporate small cell state changes.
2.2 CA activation/deactivation procedure related enhancements

Similar to the HO case, CA activation/deactivation with small cell on/off may be performed depending on traffic events, interference conditions, and load balancing/shifting purposes. The enhancements may include:
· Incorporating the DRS and DRS-based measurements

This is generally similar to the enhancements stated for the HO case. 
Note that it may be specified that the UE relies on DRS, as opposed to CRS, for measurements of a deactivated Scell; the UE makes no assumption that the CRS of the deactivated Scell shall be present if a DRS associated to this cell (e.g., through quasi-co-location) is configured. 
· Enhanced activation/deactivation

When a small cell configured as a Scell is turning on or off, activation/deactivation signaling may need to be sent to multiple UEs having this cell in their configured Scell list. The UE-specific activation/deactivation procedure and signaling may not be the most efficient. Therefore, the activation/deactivation mechanism may be further improved to reduce the transition time, for example, the activation/deactivation may be sent to a group of UEs using physical layer signaling. 
CA Scell addition/removal procedures with small cell on/off can also be enhanced in a way similar to the HO case.
Proposal 3: Enhance the signaling of Scell activation/deactivation for a group of UEs.
2.3 Dual connectivity related enhancements

The enhancements for dual connectivity related enhancements may include:

· Incorporating the DRS and DRS-based measurements

This is generally similar to the enhancements stated before. 

· Introducing SeNB activation/deactivation

If activation/deactivation SeNB can be supported in dual connectivity, the handover procedure or configuring/releasing of a SeNB may be replaced by activation/deactivation in some cases, and significant transition time reduction can be achieved to facilitate small cell on/off. Upon receiving the SeNB deactivation signaling from either the SeNB or MeNB, a UE stops monitoring all cells in the SeNB (i.e. Secondary Cell Group, SCG) except for the configured DRS associated with the cells of the SCG. If no UE monitors the SeNB, the SeNB can be turned off. The SeNB can be activated and turned on if it needs to serve UE(s).
It should be noted that RAN2 Small Cell Enhancements SI/WI supports carrier activation/deactivation within the SCG [7], but there is no support for SeNB activation/deactivation. If turning on/off the SeNB is needed, the SeNB configuration for the UE has to be added/released before turning on/off. The on/off transition time can be reduced by SeNB activation/deactivation mechanism as described above. Therefore, it is suggested that RAN1 sends an LS to ask RAN2 to support SeNB activation/deactivation.
The SeNB deactivation signaling may be sent by MeNB or SeNB. The SeNB activation signaling may be sent by MeNB or SeNB; the SeNB may send the activation signaling during a DRS burst.
Besides, the SeNB activation/deactivation signaling may be sent to a group of UEs using physical layer signals for higher efficiency. In general, the SeNB activation/deactivation mechanism and signaling may be similar to CA Scell activation/deactivation.
Proposal 4: Introduce SeNB activation/deactivation mechanism and signaling.
2.4 UE behavior enhancements

To facilitate small cell on/off involving Scell (of CA) and SeNB (of dual connectivity) activation/deactivation, as stated before, UE behavior may need to be specified. A UE relies on DRS, as opposed to CRS, for measurements of a deactivated Scell/SeNB. The UE makes no assumption that the CRS of the deactivated Scell/SeNB shall be present if a DRS associated to the Scell/SeNB is configured. 
Proposal 5: Specify the UE monitoring behavior when its Scell/SeNB is deactivated.
Note that requirements related to reduced transition time due to discovery and measurement enhancement are to be defined by RAN4.

3 Conclusions
In this contribution, we provide further elaboration for procedures of small cell on/off transition time reduction. Based on the analysis, the following enhancements should be supported:

Proposals:

· Enhanced RRC signaling to incorporate DRS-based measurement and synchronization;
· Enhanced network-side signaling to incorporate small cell state changes;
· Scell (of CA) and SeNB (of dual connectivity) activation/deactivation procedures considering small cell on/off transition; 
· Further improvements of the activation/deactivation configuration mechanisms for a group of UEs;
· Specifying UE monitoring behavior when its Scell/SeNB is deactivated.
It is suggested that RAN1 send an LS to RAN2/3/4 to support small cell on/off state transitions and SeNB activation/deactivation.
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