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1 Introduction

In RAN#62 meeting, the work item proposal on small cell enhancement-physical layer aspects [1] was approved, with the following objectives for small cell on/off and discovery:

· 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 RAN2#85 meeting, an LS [1] was sent from RAN1 to RAN2, which lists agreements and conclusions that were achieved on small cell on/off and discovery.
In this contribution, we will provide RAN2 considerations on small cell on/off and discovery.
2 Discussion

2.1 Framework of small cell on/off and discovery
Small cells may be adaptively switch-on or switch-off for inter-cell interference coordination and avoidance, load balancing, and energy saving, etc. When a small cell is off, it does not transmit signals necessary for a UE to receive data from the cell, but possibly transmit discovery reference signals (DRS). The criteria used for small cell on/off may be traffic load increase/decrease, UE arrival/departure (i.e. UE-cell association), and packet arrival/completion.
An enabling mechanism for small cell on/off with reduced time scale is to allow a UE to discover, achieve coarse synchronize, and make RRM measurements of a cell that may not be on. The cell can transmit discovery reference signals even in its off-state. The RRM measurement reports generated based on DRS can be used by the network to make on/off decision.
Figure 1 shows one example framework of small cell on/off and discovery.
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Figure 1: Framework for small cell on/off and discovery

2.2 DRS based RRM measurements
2.2.1 General procedures for DRS based RRM measurements
The existing CRS based cell discovery and RRM measurement procedures are summarized in Figure 2. The eNB configures one MeasObjectEUTRA for each carrier frequency to measure. The MeasObjectEUTRA indicates the ARFCN, as well as several other measurement parameters, such as measurement bandwidth, measurement subframe pattern, etc. If inter-frequency measurements are required, measurement gaps are also configured. The UE achieves synchronization with the target cell by detecting PSS. Cell ID of the target cell is obtained by detecting PSS and SSS. RRM measurements are then carried out based on CRS. Finally, the UE performs the event evaluation and measurement reporting.
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Figure 2: Existing CRS based RRM measurement procedures
Existing procedures for CRS based RRM measurement could mainly be reused for DRS based RRM measurement. DRS will contain multiple signals for coarse synchronization, cell identification and RRM measurements. Subject to RAN1/4 conclusion, modifications and enhancements might be required, which will be briefly discussed in the following sections.
Observation 1: Existing procedures for CRS based RRM measurement could mainly be reused for DRS based RRM measurement with necessary changes.
2.2.2 Measurement configuration
For DRS based cell discovery and RRM measurement, the UE may obtain the assistance information for e.g. a cluster of coordinated small cells from the eNB. The assistance information is beneficial for improving the discovery performance and for reducing the UE detection complexity and power consumption. Considering that DRS transmitted from small cells is periodical, the eNB can also configure measurement subframe pattern to match the transmission time of DRS. In case of inter-frequency cell discovery, measurement gaps may be configured so that a UE can receive the DRS transmissions from small cells in the measurement gaps. The eNB may signal other information related to DRS. For example, if CSI-RS is used for DRS, the assistance information may also include CSI-RS resources used by small cells. The assistance information could be provided in the current MeasObjectEUTRA. The detailed assistance information will provided by RAN1.
Observation 2: The assistance information for DRS based cell discovery and RRM measurement could be provided in the current MeasObjectEUTRA.
2.2.3 Measurement gap
At least OFF small cells need to transmit DRS periodically for discovery and RRM measurements. The DRS may not be transmitted too frequently, as that would result in higher energy consumptions and generate additional interference to neighbouring cells.

The periodicity of DRS transmission is related to the DRS based RRM measurement. The existing measurement gap repetition period (MGRP) can be 40ms or 80ms. To reuse these configurations for DRS based RRM measurement, it may be desirable that the periodicity of DRS transmission could be compatible with the existing measurement gap repetition period. Then by appropriately setting the gap offset, DRS transmission and measurement gaps are aligned and the UE could detect the DRS transmission instance in some of the measurement gaps.
On the other hand, if the DRS transmission is quite infrequent, then in order to satisfy the RRM requirements, measurement gaps of multiple UEs might be concentrated to the DRS transmission opportunity, as a consequence system throughput of the macro cell will be degraded at that point of time. Trade-off between DRS periodicity and system throughput should be considered. The detailed design is up to RAN1 and RAN4.
Observation 3: It is beneficial if the DRS transmission periodicity could be compatible with existing measurement gap patterns.
2.2.4 Measurement quantity
Currently, there are two measurement quantities: RSRP and RSRQ, both of which are CRS based. For DRS based RRM measurement, depending on the design of DRS, new measurement quantity might be needed. For example, if DRS design is based on CRS, then existing CRS based RSRP/RSRQ could be reused. In this case, existing even evaluation and measurement reporting procedure could be reused without major changes. If DRS design is based on CSI-RS, new measurement quantities need to be defined.

If new measurement quantities are required, then the question is whether CRS based RSRP/RSRQ is comparable with DRS based RSRP/RSRQ. This may impact the existing event evaluation and measurement reporting procedure. For example, for Event A3 evaluation, the measurement result of the neighbouring cell needs to be compared with the measurement result of the PCell, however one measurement result might be CRS based while the other one might be DRS based. For measurement reporting, all the applicable neighbouring cells on a carrier frequency will be accommodated in the same MeasurementReport message in order of decreasing quantity (i.e. the best cell is included first), however some measurement results might be CRS based while the others might be DRS based. Further information from RAN1 is desired on this part.
Observation 4: Depending on the DRS design, new measurement quantities may need to be defined. This may further impact the existing event evaluation and measurement reporting procedure.  
2.3 Small cell on/off transition time reduction
Upon the reception of the DRS based RRM measurement results, the eNB will proceed the existing handover, CA activation/deactivation, or dual connectivity procedures. 

Figure 3 illustrates an example for the handover case. The initial state of the small cell is switched-off. The switch-off can be due to the completion of traffic, interference management, and load balancing/shifting reasons. Based on the eNB configuration, the small cell can still be measured through its DRS transmitted during the OFF period. Upon the reception of the DRS based RRM measurement results from the UE, eNB will first switch-on the concerned small cell, and then initiate the existing handover procedures to handover the UE to the small cell. It is very easy to imagine the procedures for the CA Scell activation/deactivation and the dual connectivity case.
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Figure 3: Cell switch-on before handover 
Further enhancement could be considered to reduce the small cell on/off transition time. For example, for the handover case, the HO request from the macro cell to the small cell may also serve as a cell switch-on request as in Step 4. By this way, signalling exchanges between the macro cell and the small cell could be minimized and correspondingly the small cell on/off transition time could be reduced. Similar enhancements could be considered for the CA Scell activation/deactivation and the dual connectivity case.
Observation 5: Existing handover, CA activation/deactivation, and dual connectivity procedures could be used. Further enhancement could be considered to reduce the small cell on/off transition time.
2.4 Idle Mode behaviour
Rel-12 DRS based discovery and RRM measurement is configured only for connected mode UEs. That means, idle mode UEs will have no idea about small cell on/off. If DRS design is based on CSI-RS, when small cell is switched-off, for idle mode UEs, the camped cell RX level (RSRP) and quality (RSRQ) will be degraded since OFF small cell will stop the transmission of CRS. If DRS design is based on CRS, when small cell is switched-off, the camped cell RX level (RSRP) and quality (RSRQ) might not be degraded however UE will consider the small cell as barred. In any case, cell reselection procedure will be triggered and the UE will eventually select another cell - at least the macro cell given that generally macro cell won’t be switched-off due to coverage. Alternatively, small cells operating on/off could be configured to only serve connected mode UEs. From RAN2 perspective, no new idle mode UE behaviour is expected for small cell on/off in Rel-12. This is aligned with the RAN1 agreement in [2].
Observation 6: From RAN2 perspective, no new idle mode UE behaviour is expected for small cell on/off in Rel-12.
3 Conclusion

In this contribution, we provided RAN2 considerations on small cell on/off and discovery, and we also identified the potential RAN2 impacts. We had the following observations:
Observation 1: Existing procedures for CRS based RRM measurement could mainly be reused for DRS based RRM measurement with necessary changes.
Observation 2: The assistance information for DRS based cell discovery and RRM measurement could be provided in the current MeasObjectEUTRA.
Observation 3: It is beneficial if the DRS transmission periodicity could be compatible with existing measurement gap patterns.
Observation 4: Depending on the DRS design, new measurement quantities may need to be defined. This may further impact the existing event evaluation and measurement reporting procedure.  

Observation 5: Existing handover, CA activation/deactivation, and dual connectivity procedures could be used. Further enhancement could be considered to reduce the small cell on/off transition time.
Observation 6: From RAN2 perspective, no new idle mode UE behaviour is expected for small cell on/off in Rel-12.
Based on the above observations, we kindly ask RAN2 to consider the following proposals:
Proposal 1: Existing procedures for CRS based RRM measurement could mainly be reused for DRS based RRM measurement with necessary changes.
Proposal 2: Existing handover, CA activation/deactivation, and dual connectivity procedures could be used. Further enhancement could be considered to reduce the small cell on/off transition time.
Proposal 3: Confirm that no new idle mode UE behaviour is expected for small cell on/off in Rel-12.
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