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1 Introduction
In RAN#62, a new work item “Small cell enhancements - Physical layer aspects” was approved [1]. One main objective of this work item is specified as follows: 
· 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.

Small cell on/off was extensively evaluated in the study item phase [2]. To support small cell ON/OFF, it has been identified that the existing handover procedure, carrier aggregation procedure, or dual connectivity (if supported) can be used. In our companion contribution [3], it is observed that transition time reduction for small cell ON/OFF is possible if discovery signal is transmitted in cell OFF duration and is applicable for cell identification and RRM measurements. In this contribution, we present our consideration on the design of small cell discovery.
2 Discussion
2.1 Target detectable cells number
For small cell ON/OFF, in order to get the best performance in terms of packet throughput, the UE shall connect to the small cell with the best RSRP. Therefore, in general, discovering the strongest small cell is sufficient. However, for some use cases of small cell ON/OFF , e.g. load balancing or load aggregation, it is desirable to that more than one small cell can be discovered.

Observation 1: It is desirable that more than one small cell can be discovered to support small cell ON/OFF.
2.2 Discovery signal transmission and small cell on/off state
Small cell discovery signals should be transmitted when small cell is in OFF state to assist the UE to perform small cell detection and RRM measurement for such cells and therefore the transition time for small cell ON/OFF can be reduced to achieve the gain of the small cell ON/OFF operation.
Legacy PSS/SSS and CRS can be used to perform small cell discovery for small cell in ON state. However, UEs can hardly be aware of the ON/OFF state of the surrounding small cells especially for very dynamic small cell ON/OFF operation. Furthermore, enhancement of cell detection and measurement performance can be expected in discovery signal design. Thus one unified small cell discovery mechanism irrespective of the small cell ON/OFF state is preferred. So, it is proposed that small cell in ON state should also transmit the discovery signal.
Proposal 1: A small cell should transmit small cell discovery signal irrespective of its ON/OFF state.

2.3 Small cell discovery signal design
For dense small cell deployment scenario, severe interference among synchronization signals/reference signals may present a challenge for legacy cell identification and measurement mechanism based on PSS/SSS/CRS. Based on the evaluation in [2], only the 1st best RSRP small cell can be reliably discovered. So, mechanism to reduce or eliminate the interference among small cells should be considered for small cell discovery signal design. The following options can be considered.
· Option 1:  PSS/SSS/CRS with interference cancelation (IC)

· Option 2:  Additional PSS/SSS transmission and CRS muting 

· Option 3:  CSI-RS 
Option 1 is to use the current cell discovery mechanism with UE SS IC and CRS IC for small cell discovery. During the small cell OFF state, the SS and CRS are transmitted with a longer periodicity, e.g. in a subset of the subframes of the existing PSS/SSS/CRS transmissions. For this option, minor impact on specification and network implementation is expected, except the configuration of periodic transmission for the small cell in OFF state which is also needed for the other two options. Since CRS IC is mandatory for both TDD and FDD UEs and SS IC is mandatory for TDD UEs in Rel-11, there is limited impact on UE implementation as well. 
For option 2, additional PSS/SSS can be the existing physical signal with the same or modified relative position of PSS/SSS in physical resource. Different small cells in the same cluster transmit additional PSS/SSS located at different time/frequency resource (possible in the same radio frame or half radio frame) in order to avoid mutual interference. For RRM measurement, CRS muting is used such that different small cell in the same cluster can transmit CRS in different subframe to avoid mutual interference. The CRS transmission subframe in cells in OFF state can be configured as MBSFN subframe in the cells with ON state. With this option, planning of the resources for new SS is needed for the network and limited impact for the UE implement is expected since the current PSS/SSS/CRS sequence is used as discovery signal. Additional PSS/SSS location and CRS transmission subframe for each small cell need to be configured. For small cells in ON state, both legacy PSS/SSS and the additional PSS/SSS can be transmitted to maintain backward-compatibility.
For option 3, CSI-RS is used for cell detection and RRM measurement. The potential advantage of using CSI-RS is its large reuse factor such that different small cells in the same cluster can transmit CSI-RS with different REs in order to avoid mutual interference. However, significant specification and network/UE implementation impact is expected since network shall perform planning of the relationship between PCI and CSI-RS resource and inform the configuration to UEs and the UE shall employ new cell discovery procedure with CSI-RS. In the existing system, only the central 6 PRBs are used for inter-frequency measurements. However, if CSI-RS is used for inter-frequency measurements, it may be required to enlarge the measurement bandwidth to ensure the measurement accuracy. Therefore it may require signaling of the measurement bandwidth and more baseband processing complexity and cost.
Based on the discussions above, it can be observed that option 3 has the largest specification and network/UE implementation impact. Therefore, we propose option 1 and option 2 shall be further considered for small cell discovery signal evaluation and design.
Proposal 2: Option 1 (PSS/SSS/CRS with interference cancelation) and option 2 (Additional PSS/SSS transmission and CRS muting) shall be further considered for the design of small cell discovery signal.
2.4 Evaluation 
In this section, the cell discovery performance of option 1 in small cell scenario 2a with 10 small cells per cluster is evaluated. Figure 2 shows the cell detection performance with PSS/SSS IC. It can be seen that the detection probability of the strongest and second strongest small cell using a single subframe is greatly improved with SS IC. For cell detection with SS IC using 10 subframes, detection probability of both the strongest and second strongest small cell is higher than 90%.
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Figure 1: Small cell detection probability without PSS/SSS IC
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Figure 2: Small cell detection probability with PSS/SSS IC using 1 (left) and 10 subframes (right)
Table 1 shows the probability of the small cell with the strongest and second strongest RSRP being correctly identified. It is observed that for RSRP measurement with 1 subframe, with CRS interference cancellation, the small cell with the strongest RSRP can almost always be correctly identified and the small cell with the second strongest RSRP can also be correctly identified with a high probability.  
Table 1: Probability of the small cell with the strongest and second strongest RSRP being correctly identified
	
	w/o CRS IC
	With 95% of the two largest CRS interference canceled
	With 100% of the two largest CRS interference canceled

	1st RSRP cell
	77.6%
	98.8%
	99.8%

	2nd RSRP cell
	23.2%
	82.3%
	98.3%


Hence, we have the following observations:
Observation 2: With PSS/SSS interference cancellation, the small cells with the strongest and second strongest RSRP can be reliably detected.

Observation 3: With CRS interference cancellation, the small cell with the best RSRP can almost always be correctly identified and the small cell with the second strongest RSRP can be correctly identified with a high probability.

3 Conclusions
In this contribution, design of small cell discovery signal is discussed. The performance of option 1 (PSS/SSS IC and CRS IC) for discovery signal design is evaluated. Based the above discussion and evaluation, we have the following observations and proposals:
Observation 1: It is desirable that more than one small cell can be discovered to support small cell ON/OFF.
Observation 2: With PSS/SSS interference cancellation, the small cells with the strongest and second strongest RSRP can be reliably detected.
Observation 3: With CRS interference cancellation, the small cell with the best RSRP can almost always be correctly identified and the small cell with the second strongest RSRP can be correctly identified with a high probability.
Proposal 1: A small cell should transmit small cell discovery signal irrespective of its ON/OFF state.
Proposal 2: Option 1 (PSS/SSS/CRS with interference cancelation) and option 2 (Additional PSS/SSS transmission and CRS muting) shall be further considered for the design of small cell discovery signal.
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