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1. Introduction
In the RAN#62 plenary meeting, the following conclusion is made [1]:
· Efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells

· Can use existing handover, CA activation/deactivation, dual connectivity (if supported) procedures. New L1 procedure for activated Scell operating on/off can further reduce transition time depending on the detailed solutions
· Discovery procedure/signal(s) are needed
· Cells operating a cell on/off may transmit discovery signal(s) supporting at least for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL. (Note that QCL is not always necessary or possible depending on the procedure.)
· This includes support of discovery and measurement enhancement(s) in DL and its usage in related procedures.
In this contribution, we discuss several detailed enhanced small cell on/off mechanisms. 

2. Transition procedures of small cell on/off scheme
To support small cell on/off with enhanced transition time reduction, DS-based detection and measurement have been studied and identified as needed during the small cell enhancement study item phase. In this section, we discuss detailed procedures of small cell on/off with the following mechanisms:

· Handover

· SCell activation/deactivation

· Dual connectivity 

· Standalone on/off
2.1 Handover based small cell on/off
Figure 1 illustrates small cell on/off procedures with enhanced handover-based mechanism from “off” to “on”.

Different from legacy procedures, firstly in step 1, the Macro or the serving cell can configure the discovery signal configuration for the small cell and inform the UEs with the discovery signal configuration of that small cell. Another option is to let a small cell decide its own discovery signal configuration then indicate it to the Macro or a serving cell. Discovery signal configuration may contain the transmission pattern at the eNB side and the measurement pattern at the UE side. It should be noted that both transmission pattern and measurement pattern need to be well-designed from the perspective of power saving, interference reduction, and measurement requirement and so on.  
UEs in the vicinity of the off small cell can detect and measure the discovery signal transmitted by the small cell in step 2. Then the UE will report the detection and measurement results to the network. The network can decide whether to activate the off small cell or not based on the measurement report and other factors such as traffic load in a neighbourhood of that cell. If the decision is to turn on the off cell, the network will transmit the decision together with configuration parameters to the off cell. At the same time, the activation decision and configuration parameters should be also signalled to the UEs that will be handed over to that small cell (step 3 to 5).
Upon receiving adaptation decision and configuration sent by the Macro/serving cell, the off small cell updates its configuration and then can be switched from the “off” to “on” state (step 6). After that, the newly reactivated small cell can start transmit downlink channels and reference signals (step 7), e.g. PSS/SSS, CRS, CSI-RS, PBCH, DS, etc. Note that, the DS measurement report can be used to set the initial transmission power of the small cell to avoid strong interference jump to neighbour cells. After the cell is turned on, the transmission power can be adjusted further. Specially, the transmission power of DS might be set independently from other DL channels and RS. If a small cell has low-load, the transmission power of DS can be set higher so UEs in the vicinity can discover the small cell more easily. Otherwise if a small cell has high-load, the transmission power of DS can be set lower such that it can be hided from UEs to some extent.
The CRS-based RRM measurement in legacy procedures takes up most of the transition time (the time before a UE can use a just turned on small cell). This time interval can be reduced with the assistance of DS-based measurement. If the DS-based measurement requirements are not tight enough to make the handover, a supplementary measurement and report could be needed (step 8). Otherwise, the UE and the small cell can perform handover procedures only based on DS measurement results.
After normal access process, then UE and the newly reactivated small cell can perform normal data transmission operation as illustrated in the last two steps of Figure 1.
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Figure 1. Handover based small cell on/off procedures
2.2 SCell activation/deactivation based small cell on/off
SCell activation/deactivation mechanism for CA UEs can be used for small cell on/off. SCell can be activated /deactivated with MAC signalling transmitted from PCell or by itself (deactivation). For a CA UE, before the small cell is turned off/on, SCell should be deactivated/activated. But if they only rely on the existing mechanism, the transition time which is mainly caused by cell detection and measurement even for SCell on/off procedures is still too long. For example, the total transition time for a CA UE is 419.5 ms in [2], and the largest portion of it is about 400 ms used for cell detection and measurement. DS-based RRM measurement discussed in section 2.1 can also be used here to further reduce the transition time combined with SCell activation/deactivation for CA UEs. 
As shown in Figure 2, detailed procedures are as follows:
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Figure 2. SCell activation/deactivation based small cell on/off procedures

Step 1 to 4 in Figure 2 shows procedures of DS-based detection and measurement again. Macro/PCell (or small cell itself) needs to inform the small cell and UEs with discovery signal configuration. Then the off small cell can transmit a DS with the configuration. UEs in the vicinity of the off small cell can detect the DS and perform DS-based measurement. 

As discussed above, DS-based measurement not only can be used for HO, but also can be used for SCell addition/modification, or SCell release. In step 5, based the measurement report from the UE, Macro/PCell would configure several candidate cells e.g. including the off cell as SCells for the UE. PCell can make a decision on whether to activate the off SCell or not based on the factors such as traffic load that PCell cannot handle or a packet arrival. If the decision is to turn on the off SCell, PCell needs to send activation signalling to the UE. In addition, PCell also needs to transmit the on decision together with configuration parameters to the off SCell and UEs. After the small cell is turned on, the UE should be activated for the small cell.

The transition time for the SCell on/off when used with DS-based detection and RRM measurement may be about a couple tens of milliseconds.
2.3 Dual connectivity based small cell on/off

Similar to SCell activation/deactivation case discussed above, DS-based measurement can also used for SeNB configuration to a UE. Step 1 to 4 in Figure 3 shows procedures of DS-based detection and measurement. In step 5, based on the measurement report from the UE, Macro/MeNB would configure several candidate cells e.g. the off cell as the SeNBs for the UE. 
SeNB on/off may work in different manner depending on the scenarios. Figure 3 shows the procedures where the SeNB on/off is controlled by the MeNB. The MeNB decides whether to activate the off SeNB or not based on some factors such as traffic load that cannot be handled by PCell, or a packet arrival, etc. If the decision is to turn on the off SeNB, the MeNB needs to transmit the on decision, together with configuration parameters, to the off SeNB through backhaul, and to the UEs by radio-interface. 
The performance of dual connectivity based procedure would be worse than SCell activation/deactivation based procedure due to the non-ideal backhaul latency (at least 20ms). To avoid the non-ideal backhaul latency, the SeNB may make on/off decision on its own without the assistance of the MeNB. The details of standalone SeNB on/off are described in the following section 2.4.
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Figure 3. Dual connectivity based small cell on/off procedures
2.4 Standalone on/off

Standalone operation of small cell without the macro coverage is defined as one of deployment scenario of small cell. In this section, we discuss how to support small cell on/off when no macro or another serving cell is presented. Here, standalone small cell on/off refers to the on/off operation of the small cell that keeps UEs in connected even if the small cell is turned off. 
Standalone on/off small cell can be a PCell, an SCell or an SeNB. When using DRX operation, UEs shall discontinuously monitor PDCCH in “On Duration”. The off small cell would transmit discovery signal, which can be used by the UEs for detecting and measuring the cell. Further, PSS/SSS/CRS might be transmitted by the cell so that DRX-UEs can maintain synchronization with the off cell. Obviously, part of the discovery signal and possible PSS/SSS/CRS must fall into the “On Duration” of DRX UEs, in which UEs can receive and measure them accordingly. The small cell can tentatively wake up (DTX_ON) in which it can send DL scheduling to a UE, and the UE can report measurement result to the cell using correspond UL resource. Then, if there is UL initiated call for a UE, it sends scheduling request or PRACH to the cell. Once detected the SR or PRACH sent by the UE, the cell should switch to “on” and provide service to the UE afterward. Otherwise, if there is DL initiated call for UE, the small cell should notify the UE that it will turn on either by RRC signalling or by transmitting PDCCH order. The notification may also include the timing when the cell will turn on and should be sent during the “on duration” of the DRX UE. Further, the data can be transmitted in the next “on duration” of the DRX UE. Or the UE might end the DRX state.
Standalone on/off can further reduce the transition time because the time introduced by handover, non-ideal backhaul and RRC configuration is saved. Figure 4 illustrates one possible procedure for DL initiated call.
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Figure 4. Standalone on/off procedures
3. Conclusions

In this contribution, we have discussed four enhanced transition procedures of small cell on/off in detail. The observations and proposals are summarized as follows:
· Configuration of DS transmission pattern and measurement pattern should be studied.
· DS power control mechanism and small cell power adaptation should be studied.
· SCell and SeNB addition/release for small cell on/off shall be based on DS measurement.
· FFS whether supplementary measurement and report is needed
· On/Off states of SCell and SeNB should be informed to UE.
· Small cells standalone on/off should be supported.
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