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Discussion and decision
1 Introduction
One of the objectives of the work item on small cell enhancements recently approved in the RAN plenary [1] is to introduce discovery procedure/signals for efficient operation with reduced transition time of small cell on/off:
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 present our views on the discovery signal (DS) requirements for small cells. Our views on small cell discovery enhancement methods are presented in [3].
2 Discovery signal requirements for small cells
2.1 Use case for DS detection and measurement
As concluded in the TR [2],  small cell discovery enhancement can facilitate small cell on/off operation by providing a means to activate dormant cells which do not transmit PSS/SSS/CRS and/or by providing a means for the UE to be connected with a just turned on small cell with reduced latency.

Apart from supporting efficient small cell on/off, observations from simulation results by companies generally show the need to consider enhancement to small cell discovery in densely deployed small cell scenarios (which are all turned on).

Specifically, the TR [2] concluded that: 
· As a conclusion, enhancement of small cell discovery would be beneficial at least when small cell on/off is supported. In addition, fast and efficient discovery of small cells provides benefits for inter-frequency measurement.

· If new discovery mechanism is defined for small cell on/off, it may be used for other purposes without further optimization.
Considering only small cell on/off, there is a strong motivation to transmit DS even when the cell is on. Since the DS coverage may be significantly better than that for PSS/SSS. This mismatch of DS and PSS/SSS coverage can result in cell detection discontinuity. From Figure 1, it can be seen that if a cell does not transmit DS when it is ON, a rather strange situation can occur where the cell is only detectable by UE1 when the cell is OFF using DS, but is not detectable when it is ON using PSS/SSS. If the network decides to associate the cell to UE1 based on the DS measurement report by turning on the cell without discovery signal, UE1 will lose sight of the cell since PSS/SSS cannot be detected.  To avoid this strange situation, the presence of DS regardless of the ON/OFF state of a cell is needed to ensure cell detection continuity for a UE when a cell transits from OFF to ON and vice versa.
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Figure 1: Issue of cell detection discontinuity if DS is not transmitted when cell is ON.
Therefore, one can conclude that cell that is on should be able to transmit DS and it should be possible to configure DS detection and RRM measurement procedure to the UE for a cell that is on. Since DS RRM measurement will need to be supported by the UE, it is unnecessary to preclude DS based RSRP/RSRQ reporting by the UE when the cell is ON. On the contrary, there is benefit as DS based RSRP/RSRQ reports can be used by the network to enable efficient ICIC and CoMP operations, which cannot be done with the coverage limited PSS/SSS.
Moreover, when a cell is on, it should be able to support legacy UE. This means that backward compatibility of DS should be an important criterion for DS design. Specifically, DS should be designed such that throughput loss is minimized for legacy UEs and scheduling restriction for the network is also minimized.
Due to the tight Rel-12 time frame, it is sensible that we focus standardization effort on specifying DS detection and RRM measurement for RRC connected UE only.

Observations: 
· Apart from the dormant cell, a cell that is on should also be able to transmit DS.
· DS detection and RRM measurement procedure can be configured to the UE for a cell that is on or off.
· When a cell is on, it should be able to support legacy UE. This means that minimization of legacy UE impact or backward compatibility should be an important criterion for DS design. 

· DS detection and DS RRM measurement is supported for RRC connected UE only. 

2.2 Cell identification from DS
Cell identification is one of the DS functions as mentioned in the WID. This requirement implies that upon detecting a DS, the UE should be able to determine the cell identity (PCI) of the cell detected. Benefits of cell identification from DS include enabling association of DS with PSS/SSS/CRS for synchronization or QCL assumption. 
Although the definition of DS is not yet finalized, DS would typically be scrambled with an id, similar to PSS/SSS, CRS, or CSI-RS. A possible cell identification method is based on the DS id, i.e. there is a unique one-to-one mapping between the DS id and the PCI. A trivial example is that the DS id is the same as the PCI. However, other possible methods of cell identification should also be considered, e.g. cell identification from the DS RE location, i.e. DS of different cells in a cluster can be mapped to different sets of resource elements in the same subframe (but may share the same DS id). An advantage of this approach is that cell detection false alarm and cell misdetection can be reduced as identification based on RE location can be more reliable than scrambling id-based identification. 

If cell identification does not need to be based on the DS id, then the DS id needs not be the same as the PCI. This would also allow small cell deployment flexibility for operators, e.g. all small cells in the cluster may be assigned the same PCI but DS id is unique among “small cells” (similar to CoMP scenario 4). 
Since DS should enable cell identification and DS id needs not be the same as PCI, an implication is that UE should be aware of DS to PCI mapping.
Observations: 
· DS needs to support cell identification

· Cell identification does not need to be based on DS id, e.g. cell identification based on DS RE location can also be considered to improve cell detection performance. 
· DS id needs not be the same as PCI. For the purpose of cell identification from the detected DS, UE should be aware of DS to PCI mapping.
2.3 Synchronization from DS

It is also mentioned in the WID that DS needs to be able to provide coarse time/frequency synchronization and potentially QCL support. This function is similar to that of PSS/SSS. Since cell identification is supported for DS, it is natural that UE should be allowed to use the DS as the initial timing/frequency reference for the detection of the corresponding PSS/SSS/CRS (and vice versa). Furthermore, UE should also be allowed to make QCL association between the DS and the corresponding PSS/SSS/CRS of the same cell. Additional aspects on cell synchronization are discussed in [4].
Observations:

· Since cell identification is supported for DS, it is natural that the UE should be allowed to
· use the DS as the initial timing/frequency reference for the detection of the corresponding PSS/SSS/CRS (and vice versa);
· assume that the DS is QCL-ed with the PSS/SSS/CRS from the same cell.
2.4 Efficient DS detection and measurement 
DS needs not only support faster cell identification and measurement reporting for a dormant cell, the feature also needs to allow fast and power efficient inter-frequency measurement of potentially large number of cells. This implies high DS multiplexing capability in a subframe is an important requirement for DS design. 

Network assistance about the configuration of DSs of neighbouring cells to be detected/measured by the UE should be provided e.g. reference timing for DS detection, DS frequencies (for inter-frequency measurement), DS detection subframes (both intra-frequency and inter-frequency measurement) and DS resources to be detected, so that UE can minimize power and time to search for DS.
Our further views on DS detection timing are provided in [5].
Observations: 
· DS should allow cell identification and measurement for potentially large number of cells with reduced latency. High DS multiplexing capability in a subframe is an important requirement for DS design.
· Network assistance is required for efficient DS detection/measurement and UE power saving, e.g. reference timing for DS detection, DS frequencies (for inter-frequency measurement), DS detection subframes (both intra-frequency and inter-frequency measurement) and DS resources to be detected.
2.5 DS detection and RRM measurement performance 
DS-based RRM measurement should be supported. To minimize specification impact, DS based RSRP and RSRQ can largely reuse the definition for CRS based RSRP and RSRQ. Additional metric can be considered if significant benefit is found. Furthermore, a new DS-based RRM measurement procedure would need to be specified, but large degree of reuse from the CRS-based RRM measurement is expected.
As mentioned, there is a need to multiplex DSs of a large number of cells from multiple frequencies in the same subframe. Moreover, simulations during the SI phase indicated that a significant percentage of UEs can detect cells geographically outside of the cluster of cells in which the UE is located [2]. It does not seem necessary to impose the same stringent cell detection and measurement performance requirement to cells that are geographically further away.

Finally additional considerations for RRM measurement procedure for small cell on/off are provided in [4].
Observation: 
· At least DS based RSRP and RSRQ should be defined. 
· Not all cells detectable by DS need to be subjected to the same stringent cell detection and measurement performance requirement. 

3 Conclusions
In this contribution, we presented our views on the discovery signal requirements for small cells.

Observations: 
· Use case for DS detection and measurement

· Apart from the dormant cell, a cell that is on should also be able to transmit DS.
· DS detection and RRM measurement procedure can be configured to the UE for a cell that is on or off.

· When a cell is on, it should be able to support legacy UE. This means that minimization of legacy UE impact or backward compatibility should be an important criterion for DS design. 

· DS detection and DS RRM measurement is supported for RRC connected UE only. 

· Cell identification from DS
· DS needs to support cell identification

· Cell identification does not need to be based on DS id, e.g. cell identification based on DS RE location can also be considered to improve cell detection performance. 

· DS id needs not be the same as PCI. For the purpose of cell identification from the detected DS, UE should be aware of DS to PCI mapping.
· Synchronization from DS
· Since cell identification is supported for DS, it is natural that the UE should be allowed to

· use the DS as the initial timing/frequency reference for the detection of the corresponding PSS/SSS/CRS (and vice versa);

· assume that the DS is QCL-ed with the PSS/SSS/CRS from the same cell.

· Efficient DS detection and measurement

· DS should allow cell identification and measurement for potentially large number of cells with reduced latency. High DS multiplexing capability in a subframe is an important requirement for DS design.

· Network assistance is required for efficient DS detection/measurement and UE power saving, e.g. reference timing for DS detection, DS frequencies (for inter-frequency measurement), DS detection subframes (both intra-frequency and inter-frequency measurement) and DS resources to be detected.

· DS detection and RRM measurement performance 

· At least DS based RSRP and RSRQ should be defined. 

· Not all cells detectable by DS need to be subjected to the same stringent cell detection and measurement performance requirement. 
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