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1 Introduction
In RAN Plenary Meeting #61, it was agreed that the enhanced mechanisms, procedures and measurements to assist adaptation with reduced transition time scales should be the one of the focuses of small cell on/off study [1]. In this contribution, we provide the potential enhancements for reducing the time required for measurements and procedures, especially regarding the case that dual-connectivity is supported and/or DRS is supported, as well as multiple-carrier small eNB scenarios.
2 Descriptions on measurement and procedure enhancements

The general procedure for small cell on/off is described in [4]. In this contribution, the detailed measurement and procedure enhancements will be discussed.
2.1 Legacy procedures and measurements needed for on/off transition
Semi-static small cell on/off transition can be supported based on existing procedures and measurements described as follows:

· Triggering and decision making: Decision of turning on/off a small cell may be made based on triggering events such as updated UE-cell associations, packet call arrival/completion, overall load changes, new/updated UE measurement reports based on CRS, and other information. Then the small cell may be switched on/off.  Overall, the triggering events used and the exact decision making procedure are largely implementation related.
· Measurements: During the on/off transition, involved UEs may need to perform CRS-based inter- or intra-frequency RRM measurements of serving cells and neighboring cells. The transition may be completed only after the measurements and reporting are done. The measurement procedure usually takes hundreds of milliseconds or even several seconds and it amounts to the most significant portion of the transition time.
· Reconfiguration/HO/activation/deactivation: For a CA-capable UE, this may involve configuring the cell/carrier as a Scell or release the cell/carrier from the Scell list; however, if the Scell is already configured for the UE, then only activation/deactivation is needed. For a non-CA-capable UE, a HO should occur. The activation/deactivation takes a couple tens of milliseconds, and the reconfiguration/HO may take tens of milliseconds to a couple of hundred milliseconds. 

· Fine synchronization and CSI measurement should be done before the UE can receive DL data from the target cell. For HO and RRC reconfiguration, RACH procedure might be performed.
2.2 Potential enhancements to reduce transition time
Regarding the procedures mentioned above, there are a few possible ways to reduce the transition time, mainly in terms of enhanced RRM measurement based on DRS and dual-connectivity (DC) based operations, as well as multiple-carrier small eNB scenario. The following figure illustrates an example of how these potential enhancements work in a typical case, and the details of the enhancements are described below.
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Figure 1 An example of on/off adaptation with potential enhancements to reduce transition time (DCcell stands for dual-connectivity cell)
· Enhanced RRM measurement based on DRS with reduced measurement duration and gap. 
· Different from CRS-based RRM measurements which are available only when a small cell is turned on, DRS-based measurements can also be performed when a small cell is turned off. Further details regarding DRS can be found in [3]. Compared to traditional CRS-based RRM measurement, the time for DRS-based RRM measurement could be reduced by the possible high geometry experienced by DRS and/or macro-assisted coarse synchronization before cell identification, depending on exact DRS design. 
· If the UE is CA-capable, the DRS-based measurements can be performed when the small cell is deactivated for the UE as a Scell, and can be used upon activation of the Scell. In addition, the synchronization tracking can be maintained even in the Scell off phase (based on DRS). Therefore, the transition time for the Scell on/off adaptation may be at most a couple tens of milliseconds. 
· If the UE is DC-capable, the DRS-based measurements can be performed when the small cell is deactivated for the UE as a DCcell, and can be used upon activation of the DCcell. In addition, the synchronization tracking can be maintained even in the DCcell off phase (based on DRS). Therefore, the transition time for the DCcell on/off adaptation may be at most a couple tens of milliseconds.
· If the UE is neither CA-capable nor DC-capable, the DRS-based measurements can be performed when the small cell is off, and can be used upon turning on of the cell. For example, to turn on the cell and serve the UE, the network instructs the cell to be turned on, and concurrently the network may instruct the UE to be handed over to the cell. The HO procedure can start immediately after the turning on of the cell, as opposed to in the legacy process, HO can start only after CRS-based measurements are done (usually taking hundreds of milliseconds or longer). Therefore, the transition time for the on/off adaptation is mainly the HO time which is usually tens of milliseconds to a couple of hundred milliseconds (see [6]).
· Dual-connectivity (DC) based operations
· For dual-connectivity-capable UE, activation/deactivation of SeNB can be done which is much faster than legacy procedures relying on handover and RRC reconfiguration. The time scale is similar to CA activation/deactivation which is usually a couple tens of milliseconds.
· Once in a while the configuring/releasing of a DCcell for a UE may be needed and can take tens of milliseconds to a couple hundreds of milliseconds, similar to the configuring/releasing of a Scell for a UE.

· Other enhancements 

· For non-co-located Scell, the indication of turning on Scell could be carried by backhaul signalling (e.g., X2) 
·  UL-assisted triggering could be used to reduce the RRM measurement and decision-making time, by which some enhanced UL signal sent by UE could be measured by off-state eNB and help the decision of turning on the corresponding cell.
· In case of multiple carriers deployed in one SeNB, one carrier plays as a master carrier by staying always-on state, while other carriers could be semi-statically turned off. If the multiple carriers are within same band (which is a typical case for high-frequency deployment), the channel measurement of always-on carrier could be  also to some extent valid for other on/off carriers, consequently reduce the transition time
· If assuming the existence of a co-site always-on carrier, at least for CA-capable UE, several 10s ms time scale is already enough for UE to activate Scell. For non-CA-capable UE, some kind of fast carrier switching from always-on carrier to a just turned-on carrier could be possible with reduced time scale than traditional handover and RRC reconfiguration procedure.  
· To facilitate network-internal decision making regarding on/off, HO, load balancing/shifting, the following enhancements may be used: interference measurements on CSI-IM resources for the purpose of RRM, long-term SINR UE measurements, backhaul signaling such as resource utilization information exchange to assist load shifting/balancing decision making.
For example, a RRM measurement process based on DRS/CSI-RS and IMR may be used, and the network coordinates the transmissions and their timings on these measurement resources, followed by UE measurement reports. Then the network can evaluate the impacts of a transition on the network and UE during the transition or even before the transition is applied to data transmissions. This procedure may be called “measurement probing”. Some timed-coordination at the network side (mainly RAN2/3 impacts, such as which cell is to be turned on at what time and for how long) and signaling to the UE (physical layer measurement related) may be needed.
Overall, with DRS-based measurements, dual-connectivity based operations, or in co-located multiple-carrier small eNB scenarios, on/off transition time can be reduced to tens of milliseconds. As the procedure is similar to that of the current CA Scell activation, the target transition time may be in the range of [20 to 40] milliseconds level [7]. The exact requirements are up for RAN4 decision in WI phase.
3 Conclusions
In this contribution, we provide the potential enhancements for reducing the time required for measurements and procedures. Based on the analysis, the following are proposed:
Proposal 1: The targeting reduced transition time of small cell on/off is in the range of [20] to [40] milliseconds. The actual requirements are to be defined by RAN4 in WI phase. The following enhancements should be supported:

· Measurements and related procedure for small cell RRM measurement during off state, e.g., based on DRS;
· Scell (of dual connectivity or CA) activation/deactivation procedure considering small cell on/off transition;
· Measurement probing resources and procedure facilitating on/off decision making and transition.
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