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1 Introduction
Small cells may adaptively switch-on or switch-off for the purpose of inter-cell interference coordination and avoidance, load balancing/shifting, and energy saving, etc. As an enabling mechanism for small cell on/off with reduced time scale, UE could discover, achieve coarse synchronize, and make RRM measurements of a small cell when the small cell is off. Correspondingly, the small cell will transmit discovery reference signals (DRS) even in its off-state, so that UE can monitor it. 
With the enhancement on small cell discovery and RRM measurement based on DRS, the small cell on/off transition time can be largely reduced to tens of milliseconds using the existing handover, CA activation/deactivation, or dual connectivity procedures. Nevertheless, there is still desire to further reduce the small cell on/off transition time, since it was observed during the study item phase [1] that performance gain is generally larger with shorter transition time. 
In this contribution, we will discuss whether it is possible to further reduce the small cell on/off transition time for the case of handover, carrier aggregation and dual connectivity.
2 Discussion
2.1 Handover
Handover procedure is one option available for the network to operate small cell on/off, and an example procedure is illustrated in Figure 1.

[image: image1.emf]UE

RRC: Measurement Config

(including DRS info)

OFF

Macro Cell

Small Cell

RRC: Measurement Report

(DRS based)

HO decision

X2: Handover request

ON

Subsequent HO procedure towards the small cell

   
[image: image2.emf]UE

ON

Macro Cell

Small Cell

Swith-off 

decision

X2: Handover request

OFF

Subsequent HO procedure towards the macro cell


Figure 1: Small cell on/off with handover
In case of e.g. traffic load decrease, to minimize the interference to neighbouring cells as well as the power consumption, it may be desirable to switch-off the small cell. Before the switching-off, the small cell will first handover the UEs under its service to other cells (e.g. to the macro cell) to avoid the traffic interruption. During the off period, a small cell still transmits the DRS, thus the small cell can still be measured by UE. After receiving the DRS based RRM measurement report from a UE, which means the UE is in the proximity of the small cell, the macro cell may decide to handover the UE towards the small cell for offloading purpose, if the UE has sufficient traffic data to transmit. Based on the implementation, the small cell could be switched-on upon the reception of the handover request in the X2 interface.
The handover based on/off mechanism has a relative long transition time which is in the order of 90ms. It is difficult to further reduce the transition time due to the non-ideal backhaul between source eNB and target eNB, the RRC procedure for reconfiguration, as well as the random access procedure towards the target cell. 
Proposal 1: Other than utilizing DRS-based RRM measurement, further enhancement on small cell on/off transition time reduction is not considered for handover. 
2.2 Carrier Aggregation

Currently in CA, the SCell activation delay is up to 24ms if a valid RRM measurement is available [2]. The SCell deactivation delay is up to 8ms. To facilitate the small cell on/off operation in carrier aggregation, SCell activation/deactivation procedure can be applied directly, as illustrated in Figure 2. Small cell on/off transition time in carrier aggregation is much shorter compared to what accomplished by handover.
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Figure 2: Small cell on/off in carrier aggregation
Unlike based on the handover, small cell on/off based on CA activation/deactivation needs a PCell which is always on. DRS based RRM measurement also needs to be supported, which could be used for triggering addition/release of SCells for carrier aggregation. After the small cell is added as the SCell for a UE, if the UE has sufficient traffic data to transmit, the PCell may decide to activate the small cell for the UE for offloading purpose. Before it is activated, the small cell should be switched-on. In case of e.g. traffic load decrease, to minimize the interference to neighbouring cells as well as the power consumption, it may be desirable to switch-off the small cell. If the small cell is deactivated for the UE and it doesn’t serve any other UEs, then this small cell can be switched-off.

From RAN2 perspective, it seems difficult to further reduce the small cell on/off transition time in carrier aggregation case, due to the delay for transmission/processing of MAC CE and the delay for SCell activation/deactivation. In RAN1, the new L1 procedure for activated SCell to further reduce the transition time is now under extensive discussion. In the new L1 procedure, SCell on/off status will be indicated to the UE. There are several candidates, for example, group DCI on PCell to indicate SCell on/off, cross-carrier scheduling from PCell to explicitly indicate SCell on, SCell on/off indication by DRS, and UE autonomous SCell on/off state detection based on CRS/PDCCH, etc. The number of consecutive ON subframes associated with the indication might also be provided to the UE. RAN1 will continue the evaluation to down-select the solutions if desired benefits could be achieved with the new L1 procedure. If this is the case, RAN2 specifications might be impacted correspondingly.
Proposal 2: Potential enhancements for carrier aggregation may include the support of DRS-based RRM measurement and the new L1 procedure for fast cell on/off as discussed in RAN1.

2.3 Dual Connectivity
Another case to operate small cell on/off is dual connectivity, where MeNB and SeNB are connected via non-ideal backhaul. To facilitate the small cell on/off operation in dual connectivity, SeNB addition/release procedure can be applied directly, as illustrated in Figure 3.
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Figure 3: Small cell on/off in dual connectivity
After receiving the DRS based RRM measurement report from a UE, which means the UE is in the proximity of the small cell, the MeNB may decide to initiate the SeNB addition procedure to utilize the radio resources from the SeNB for offloading purpose, if the UE has sufficient traffic data to transmit. Based on the implementation, the small cell on the SeNB could be switched-on upon the reception of the SeNB addition request in the X2 interface. In case of e.g. traffic load decrease, to minimize the interference to neighbouring cells as well as the power consumption, it may be desirable to switch-off the small cell. After the SeNB release procedure for the UE, if the small cell doesn’t serve any other UEs, this small cell can be switched-off.
In dual connectivity, for SCG cells other than the special SCell, SCell activation/deactivation procedure for CA still can be applied to facilitate the small cell on/off operation. However, the special SCell in SCG is an exception, because it is configured with PUCCH so it is always activated like the PCell. Consequently, for a small cell acting as the special SCell for particular UE(s), if it is about to switch-off, SeNB addition/release procedures will be performed which is not as fast as the SCell activation/deactivation procedure.
For small cell on/off operation in dual connectivity, it is difficult to further reduce the transition time due to the non-ideal backhaul, the RRC procedures for SCG addition/release, as well as the random access procedure on the special SCell. In [3], it is proposed to further reduce the transition time by introducing the special SCell activation/deactivation procedure. However, it is questionable whether the intention could be achieved. In case the special SCell is to be switched-off due to traffic load decrease, if there are active SCG bearers but with low data rate, SCG modification procedure needs to be performed before the special SCell is off, so that the active SCG bearers could continue in the MeNB. If SeNB wants to activate the deactivated special SCell, the activation command has to come from the MeNB, as UE has already stopped the PDCCH monitoring on the special SCell. In both of the two cases, transition time can’t be reduced due to the non-ideal backhaul. In any case, random access procedure on the special SCell after the special SCell activation cannot be avoided, as TA has to be established for the special SCell.
Proposal 3: Other than utilizing DRS-based RRM measurement, further enhancement on small cell on/off transition time reduction is not considered for dual connectivity. 
3 Conclusion

In this contribution, we discussed whether it is possible to further reduce the small cell on/off transition time for the case of handover, carrier aggregation and dual connectivity. We found that for handover and dual connectivity, it is difficult to further reduce the small cell on/off transition time due to the non-ideal backhaul, the relevant RRC procedures, as well as the random access procedure. For carrier aggregation, from RAN2 perspective, it seems difficult to further reduce the small cell on/off transition time due to the delay for transmission/processing of MAC CE and the delay for SCell activation/deactivation, however the transition time might be further reduced by utilizing the new L1 procedure as discussed in RAN1. Therefore, we have the following proposals:
Proposal 1: Other than utilizing DRS-based RRM measurement, further enhancement on small cell on/off transition time reduction is not considered for handover. 
Proposal 2: Potential enhancements for carrier aggregation may include the support of DRS-based RRM measurement and the new L1 procedure for fast cell on/off as discussed in RAN1.

Proposal 3: Other than utilizing DRS-based RRM measurement, further enhancement on small cell on/off transition time reduction is not considered for dual connectivity. 
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