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1 Introduction
In 3GPP RAN1#76, the following agreements have been reached on the small cell discovery signal [1]:
· UE can assume transmission of PSS (identical to the Rel-8 waveform) at least for coarse time synchronization
· Which other signal(s) the UE can assume are transmitted is FFS
· Possible candidates are one or more instances of SSS, CRS, CSI-RS and PRS
· Which signals are useful for which purpose is FFS 
In this contribution, we have assumed that CSI-RS is used for cell detection and RRM measurements. We propose to use frequency division multiplexing (FDM) of the CSI-RS configurations. By using FDM the total number of available configurations can be extended. This will increase the total number of small cells that can transmit in a single subframe. In this contribution we show how FDM can be used and we also show by simulations that using FDM of the RBs for the CSI-RS configurations will provide sufficient performance of the CSI-RS in terms of detection probability and RSRP measurement accuracy. Further, FDM will not introduce any new time instances of the CSI-RS, the legacy resource mapping can be reused. 
2 Number of available configurations for CSI-RS based DS
If the legacy CSI-RS would be used as one part of the discovery signal, then only a limited number of small cells can be transmitted in a single subframe. For instance with the following assumptions (see [2, table 6.10.5.2-1] for detailed CSI-RS resource mapping and number of configurations for different number of antenna ports, frame structure etc.) 
· Frame structure 1 

· Normal CP 

· Using 1 or 2 antenna ports
there are 20 available configurations. This means that 20 cells can share the 20 configurations.

If there are more than 20 small cells within a cluster then the legacy CSI-RS configurations are not sufficient for the small cells to transmit the discovery signal within a single subframe.
Observation 1: If there are more than 20 small cells within a cluster then the legacy CSI-RS configurations are not sufficient for the small cells to transmit the discovery signal within a single subframe. 
3 Frequency division multiplexing of CSI-RS configurations
In the legacy CSI-RS transmission one cell will transmit a CSI-RS sequence on all available RB [2, section 6.10.5]. By introducing FDM each configuration will use a subset of the available RBs. In one FDM scheme each configuration can use every Nth RB instead of every RB as in the legacy case. This will extend the number of available configurations with a factor of N. Note that the CSI-RS sequence length shall be set to match the number of RBs for each configuration. This could be done by generating a shorter CSI-RS length. 
As an example FDM with a factor of 3 (N = 3) each configuration uses every 3rd RB. We get, with the same assumptions as in section 2, in total 60 configurations (3*20). These 60 configurations can be shared by 60 cells, where:

· Configuration 0-19 is mapped on RB number {0, 3, 6, 9, ..., 42, 45, 48} (17 RBs)
· Configuration 20-39 is mapped on RB number {1, 4, 7, 10, ..., 43, 46, 49} (17 RBs)

· Configuration 40-59 is mapped on RB number {2, 5, 8, 11, ..., 41, 44, 47} (16 RBs)

With 60 configurations we could potentially have 60 small cells transmitting in a single subframe. 
Note:All three configurations are base on the same legacy configuration
Observation 2: FDM can increase the number of small cells that can transmit DS simultaneously in a single subframe  
4 Cell detection using FDM based CSI-RS

Cell detection based on CSI-RS is done in the UE by calculating the RSRP(k) for each CSI-RS configuration (k), using the RBs that are valid for the configuration. The number of REs that will be used depends on the amount of FDM as the number of RBs for each configuration will scale with the FDM factor and the system bandwidth.
A cell is considered detected if:
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Where:
RSRP(k) is the measured RSRP for configuration k, RSRP is the linear average of the REs for the CSI-RS configuration used for cell k, similar to the definition of RSRP in [3]


T = max(T1, T2)

T1 is set to get a false alarm rate <0.1%. This value is derived in the case when only noise is present


T2 = RSRPmax - T3, RSRPmax is the maximum RSRP in the measurement occasion

T3, is the RSRP gap
5 Simulation results
We have evaluated, by simulations, the detection performance and the RSRP measurement accuracy for the legacy CSI-RS and the FDM based CSI-RS configuration. The detailed simulation settings are shown in Table 1, other simulation assumptions are the same as for the small cell scenario 2A [4].

Table 1: Link level parameters
	Link Parameters 
	Values

	Multipath fading model 
	Extended Pedestrian-A (EPA) model, 3 km/h UE velocity

	Timing offset 
	Small cells are synchronized within +/- 1/2 CP

PSS is used to get the timing offset for the strongest cell, the other cells have a random offset within +- 1/2 CP compared to the strongest cell.

	Frequency offset 
	Between cells: +/-0.1 ppm, residual offset at UE receiver: +/-0.1 ppm

	Signal model 
	Full buffer (random QPSK data) for the REs not used by the CSI-RS resources

	Antenna configuration
	2 Tx (small cell) antennas and 2 Rx (UE) antennas

	Detection thresholds
	T1 is set to -118dBm

T2 is set to 10dB (RSRP gap = 10dB)

	FDM factor
	1/3/6
(50/16/8) RBs are used for each CSI-RS configuration

	Number of cells transmitting at one occasion
	10


The simulation results for the detection performance for the six strongest RSRP cells are shown in Fig. 1.
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Fig. 1: Detection performance for the six strongest RSRP cells, using different number of RBs for each configuration (50/16/8) which correspond to a FDM factor of 1, 3, 6 respectively.
From Fig. 1 we can see that the detection probability exceeds 90% for the top 4 strongest RSRP cells for the three different FDM factors (1,3 and 6). The differences are not significant between the different cases. This indicates that FDM with a factor of 3 or 6 can be used and still having high detection probability. This will increase the number of cells that can transmit in a single subframe with a factor of 3 or 6. 
The RSRP accuracies for the top 4 cells for the three different FDM factors (1,3 and 6) are shown in the following figures. 
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Fig. 2: RSRP estimation error, legacy CSI-RS using all 50 RBs. FDM factor = 1
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Fig. 3: RSRP estimation error, CSI-RS configurations using 16 RBs. FDM factor = 3.
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Fig. 4: RSRP estimation error, CSI-RS configurations using 8 RBs. FDM factor = 6.

From the results shown in Fig. 2, Fig. 3 and Fig. 4, we can see that the RSRP accuracy is almost the same for the 4 strongest RSRP cells for the three simulation cases. 
In Fig 5 we show the RSRP accuracy for the strongest RSRP cells for the three different simulation cases (FDM factor = 1, 3 and 6).
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Fig. 5: RSRP accuracy for the strongest RSRP cell for the different simulation cases. FDM factor = 1, 3 and 6 which means that a CSI-RS configuration uses 50, 16 and 8 RBs respectively.
We can conclude from the simulation results that the RSRP accuracy is only slightly decreased if FDM is introduced, the RSRP accuracy fulfils the current RSRP measurement requirements.
Observation 2:The detection performance and RSRP measurement accuracy is sufficient even if FDM with a factor of 3 or 6 on the CSI-RS RBs is introduced for 10 MHz system bandwidth.
Therefore, we propose to include FDM of the RBs in order to increase the number of small cells that can transmit DS simultaneously within a single subframe.
Proposal: Include FDM on the CSI-RS configurations in order to increase the number of small cells that can transmit DS simultaneously within a single subframe.
6 Conclusion 

In this contribution, we have made the following observations and proposal:
Observation 1: Legacy CSI-RS configurations is not sufficient for the small cells to transmit the discovery signal within a single subframe 
Observation 2:The detection performance and RSRP measurement accuracy is sufficient even if FDM on the CSI-RS RBs is introduced.
Proposal: Frequency division multiplexing (FDM) is introduced on the CSI-RS configurations in order to increase the number of small cells that can transmit DS in a single subframe.
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