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1 Introduction
In RAN1#74bis, it was agreed that

· Reduced transition time of small cell on/off can increase the performance

· RAN1 finds it beneficial to introduce the small cell on/off transition time reduction depending on the detailed scheme

· The enhancements for transition time reduction may include support of:
· Discovery and measurement enhancement(s) in DL in cell off state, potentially also in cell on state, and its usage in related procedures such as handover, CA activation/deactivation, and Dual connectivity (if supported), radio link monitoring

· Continue to investigate RAN1 related procedure of small cell on/off transition time reduction until RAN1 #75 meeting

In this contribution, we provide further elaboration of RAN1 related procedure of small cell on/off transition time reduction.
2 Procedure of small cell on/off transition time reduction
The procedure for small cell on/off transition time reduction can be based on discovery and measurement enhancement, dual connectivity based enhancements, enhanced activation/deactivation, and their combinations.
2.1 Discovery and measurement enhancement for transition time reduction
Discovery and DRS-based measurements can be available even when a cell is off, and hence network adaptation decision making and on/off transitions do not need to rely on CRS-based measurements which are limited only during the on-state of a small cell. This can significantly shorten the transition durations since the CRS-based measurements dominate the transition times in most cases.
· Usage in handover
RRM measurement of and synchronization to the target cell are needed during a handover. Without DRS or DRS-based measurements, to support small cell on/off, first a turned-off small cell (i.e. the target cell) needs to turn on and transmit CRS, then a UE can synchronize with the cell and make CRS-based RRM measurement which generally takes no sooner than 200 ms, and finally the handover procedure may start. The on/off transition time is dominated by the 200 ms measurement time in this case.

In contrast, with DRS and DRS-based RRM measurement available even when the target cell is off, the handover can start immediately after the cell is turned on. The off-to-on transition time does not have the latency caused by performing RRM measurement, and generally includes mainly the operations of RRC signaling, additional synchronization (on top of any coarse synchronization that may be done based on DRS), and RACH. Therefore, the transition time for Pcell on/off adaptation may be reduced to less than 100 ms, if DRS and measurement enhancements are utilized.
· Usage in CA activation/deactivation

Similar to the handover case, DRS and DRS-based RRM measurements can accelerate the on/off transition involving configuring a Scell to a UE.

Moreover, DRS and DRS-based RRM measurements can shorten the Scell activation time for an off-to-on transition. During CA activation for an off-to-on transition, if a valid RRM measurement is available, then a shorter activation time (e.g., less than 24 ms) can be feasible; otherwise a longer activation time (e.g., 34 ms) is generally needed [6]. With proper configuration of DRS (such as with sufficient density in time/frequency domains) and DRS-based RRM measurement which can be available regardless of the on/off state of a small cell, shorter activation (no longer than 24 ms) can be supported for Scell on/off. Both RAN1 and RAN4 efforts are needed for determining the DRS design and performance requirements. Therefore, the off-to-on transition time for the Scell on/off adaptation may be at most a couple tens of milliseconds, if DRS and measurement enhancements are utilized.
· Usage in dual connectivity 
Similar to the handover case, DRS and DRS-based RRM measurements can accelerate the on/off transition involving configuring a dual-connectivity SeNB to a UE. 

Furthermore, if dual connectivity design includes the enhancement procedure of activation/deactivation (see Sec. 2.2), DRS and DRS-based RRM measurements can accelerate activation and hence SeNB on/off, similar to CA. In other words, a UE is configured with a SeNB and the UE may receive activation/deactivation of the SeNB. With a valid RRM measurement of the SeNB, shorter activation time may be supported. Therefore, the off-to-on transition time for SeNB on/off adaptation may be at most a few tens of milliseconds, if DRS-based RRM measurements are used during SeNB activation.
· Usage in radio link monitoring (RLM)
Generally RLM is needed only for a UE to see if it can receive control channels with sufficient decoding probability from the Pcell. In the cases under current study, generally the Pcell does not turn off, and therefore RLM can still be based on CRS and there is no need to utilize DRS for RLM purposes.
Notes on DRS-based RRM measurements and synchronization: 
· The performance of DRS-based RRM measurement needs to meet RAN4 requirements. 
· DRS may be used by UE to maintain a certain level of coarse synchronization when the UE does not monitor CRS. The synchronization accuracy depends on DRS design and configuration. Further synchronization may be needed for sufficient accuracy. 
· The requirements for the reduced transition time due to discovery and measurement enhancement are to be defined by RAN4 in WI phase.
2.2 Other enhancements for transition time reduction

Other enhancements include dual connectivity based enhancements, enhanced activation/deactivation, and their combinations.

· Dual connectivity based enhancements
If activation/deactivation 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. The time scales for activation and hence off-to-on transition can be done within tens of milliseconds. Besides, as described in Sec. 2.1, if DRS and measurement enhancement are also used, even shorter activation and hence off-to-on transition no longer than a few tens of milliseconds may be feasible.
It is then proposed to request RAN2 support for SeNB activation/deactivation in dual connectivity operations upon the conclusion of RAN1 on/off transition time reduction study.
· Enhanced activation/deactivation
When a small cell configured as either a Scell or SeNB is turning on or off, activation/deactivation signalling may need to be sent to multiple UEs connecting with it. Therefore, UE-specific activation/deactivation may not be the most efficient, and the CA-like activation/deactivation mechanism may be further improved to reduce the transition time. For example, the activation/deactivation may be sent to a group of UE using physical layer signals. 
· Combinations

Combinations may include utilizing DRS and enhanced activation/deactivation for on/off with CA or dual connectivity, etc.
To summarize, with DRS and DRS-based measurements, dual-connectivity based enhancements, and further improvements about the activation/deactivation configuration mechanisms, as well as appropriate combinations of these, off-to-on transition time can be reduced to a few tens of milliseconds if no Pcell switching is involved, and reduced to less than 100 ms if Pcell handover is involved. The on/off transition time reductions have been concluded beneficial in RAN1 based on various performance evaluations; furthermore, some additional results are provided in Appendix.
3 Conclusions
In this contribution, we provide further elaboration of RAN1 related procedure of small cell on/off transition time reduction. Based on the analysis, the following is 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:

· DRS and DRS-based RRM measurements in cell off state, potentially also in cell on state, which can be used to reduce small cell on/off transition time involving procedures such as handover, CA activation/deactivation, and dual connectivity;
· Scell (of CA) and SeNB (of dual connectivity) activation/deactivation procedure considering small cell on/off transition; and 
· Further improvements of the activation/deactivation configuration mechanisms for a group of UEs.
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Appendix: Further simulation results of on/off transition time reduction
As a complement to the simulation results in [5], further results with more scenarios and more transition times within 100 ms for Scheme 3 (Semi-static on/off scheme based on packet call arrival/completion) are evaluated. The main simulation methodology and simulation assumptions are the same as described in [5] and repeated below for convenience.
	Baseline
	All the small cells are always turned on

	Scheme 3 - (y,z)
	A small cell remains off until a packet call arrives, and remains on for any ongoing packet call. Off2on transition time y (=20,40,80,100ms), on2off transition time z (=20,40,50 ms)


Without Cell ID planning, Figure 1 shows the simulation results with the UPT gains of Scheme 3 over the baselines for the 4 Picos per cluster and 10 Picos per cluster under 0 MBSFN configuration.
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Figure 1 Small cell on/off UPT gains with 0 MBSFN for 4, 10 Picos per cluster without Cell ID planning



Figure 2 shows the simulation results with Cell ID planning to align CRS shifts in a sector.
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Figure 2 Small cell on/off UPT gains with 0 MBSFN for 4, 10 Picos per cluster with aligned CRS shift
Observations: For both 4 Picos/Cluster and 10 Picos/Cluster cases, with semi-static on/off based on packet call arrival/completion, it is observed that
· 0 MBSFN configuration with low/medium/high load for no CRS planning cases:  moderate to significant (10%~40%) 5%ile UPT gains if the on/off transition is no longer than 100ms, and moderate to significant (10%~45%) 50%ile UPT gains if the on/off transition is no longer than 50ms;
· 0 MBSFN configuration with low/medium load for sector-aligned CRS shift cases:  
· With 4 Picos/Cluster and the on/off transition no longer than 50ms: moderate (10%~25%) 5%ile UPT gains, and low (5%~15%) 50%ile UPT gains;
· With 10 Picos/Cluster and the on/off transition no longer than 50ms: low (<15%) 5%ile and 50%ile UPT gains. 
· The shorter the transitions, the higher the gains.
