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1. Introduction

At the 3GPP TSG RAN #62 meeting (Dec 2013), the Work Item on "Small Cell Enhancements for EUTRA and E-UTRAN – Physical-layer Aspects" was agreed for Release 12 [1].
Among the objectives of this Work Item is the following:

· Efficient operation with reduced transition time of small cell on/off in single/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

· This includes support of discovery and measurement enhancement(s) in DL and its usage in related procedures

In this contribution, we discuss a procedure for reducing the small cell on/off transition time using fast handover, based on Uplink (UL) sensing.
2. Uplink Signals based Fast Handover 
The time scales for on/off transitions provided in [2] indicate that significant delay is incurred with legacy procedures, when the small cell has just turned on, compared to the case when the small cell is already on. In particular, the time before a UE without CA support can use a just turned on small cell is 2000-4000ms while for a UE with CA capability, it is 500-1000ms. Inter-frequency measurement is the main contributor to the transition delay in the non-CA case. Therefore, new procedures are needed to reduce the transition time, so that the benefits of small cell on/off are maximised.
The legacy handover procedure relies upon UEs measuring downlink reference signals coupled with trigger-based reporting of RSRP/RSRQ to the serving eNB. These measurements are made over relatively long periods of time, so as to eliminate the effect of transient effects like fading. In typical small cell scenarios, only low-speed UEs, already in the coverage of the macro eNB, are likely to be offloaded to small cells. Hence, it is not necessary to rely upon complex UE-based measurement and reporting procedures for triggering small cell off/on transition. The alternative is to perform UL sensing at the dormant small cell to determine UE proximity. In general, UL transmissions such as SRS, PRACH, and PUCCH can be used for this [3]. For instance, [4] proposes a scheme where SRS-based detection of UE at small cell is done, triggering a blind handover and small cell activation. Similarly, a PRACH-based scheme is discussed in [5]. 
This approach can be further extended to include UL timing estimation of the UE by the target small cell. The same UL transmission (e.g. SRS) which is used for sensing UE proximity can also be used to estimate the uplink timing of the UE. This information can be provided to the UE in the handover command. Thus, there is no need for the UE to perform a Random Access procedure with target small cell. The figure below illustrates this process, taking SRS as example.
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Figure 1: SRS-based Fast Handover
Step 1: Serving cell of determines that a UE is in the proximity of one or more candidate dormant small cells.

Step 2: Serving cell informs the candidate small cell(s) about UE’s SRS configuration (Transmit power, periodicity etc.). It may additionally configure the UE to transmit periodic/aperiodic SRS.

Step 3: UE transmits SRS as configured by its serving cell.

Step 4: Candidate small cell(s) detects the SRS transmitted in previous step and also determines the UL timing offset.

Step 5: Candidate small cell(s) shares measurement with the serving cell. To avoid frequent reports, appropriate thresholds can be configured at the small cell.
Step 6: The serving cell decides if any of the candidate small cell(s) needs to be activated for handing over the UE, i.e. a target small cell is identified.
Step 7: Serving cell sends activation command to target small cell.

Step 8: Serving cell generates Handover Command for the UE which contains all the necessary information to bypass the RA procedure with the target small cell.
Step 9: UE establishes RRC connection with target small cell. 
Step 10: Small cell can now initiate UL/DL data transfer with UE.

Note that Step 8 may not be needed if CA, inter-eNB CoMP or Dual Connectivity is supported.

3. Specification Impact
The proposed network-triggered handover scheme requires additional signaling exchange between small cells.
· X2 signaling to share UE-specific SRS configuration.
· X2 signaling for measurement report from target small cell to serving macro cell.

· X2 signaling to activate the dormant small cell.
· Provision to carry TA and other relevant information in HO command.
Note that legacy UEs can be handed over as described in [4].
4. Conclusion
In this contribution, we have proposed a fast handover and small cell activation scheme based on UL sensing.  This scheme has the following benefits,

· Backward compatible with legacy UEs (Rel-8 onwards).

· Reduction in small cell on/off transition time.
· Reduction in UE battery consumption.
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