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1. Introduction
At the RAN1 #72bis meeting, performance metrics, evaluation methodology, and scenarios for the evaluation of small cell discovery were agreed, upon [1]. At the RAN1 #73 meeting, many companies submitted their contributions with performance evaluation results for the legacy mechanism, but each contribution assumed some different detailed assumptions [2]. Therefore, further RAN1 evaluations for the legacy mechanism and corresponding detailed evaluation assumptions were discussed off-line during RAN1 #73 and agreed upon the email discussion [73-05] as summarized in [3].
In this contribution, we first evaluate the legacy mechanism based on the agreed metrics, evaluation methodologies, and assumptions. Considering the performance of the PSS/SSS/CRS-based legacy mechanism in a small cell scenario, we discuss the adequacy of applying the legacy mechanism to the small cell on/off procedure. After confirming the insufficiency of the legacy mechanism to provide efficient small cell on/off operation, we introduce some preliminary results for a potential solution for enhanced small cell discovery and discuss the potential gains of such enhanced discovery over the legacy mechanism.
2. Performance Evaluation Results for Legacy Mechanism
We conducted system-level simulations in which link-level signal generation and actual detection/measurement algorithms were implemented. There are two alternatives for the definition of the target set of detectable cells for the evaluation of the legacy mechanism.
· Alt.1: Small cells within RSRP gap = Y, where Y = 15 dB is the baseline at this stage.

· Alt.2: Top N small cells of a UE with RSRP >= X, where N >= 3 and X = -127 dBm are the baselines at this stage.

According to latest agreements [3], we evaluated the detection probabilities and RSRP measurement accuracies for the above defined target cells and top three small cells while varying the number of measurement samples, i.e., PSS/SSS/CRS subframes, used for detection and measurement. Simulation assumptions and parameters are summarized in the Annex.
2.1.
Detection probabilities for target cells

Figure 1 shows the detection probabilities for the defined target cells and the detection probabilities for the top three small cells. Here the detection probability for the target cell shown in Figure 1(a) is defined as the average detection probability for each cell within the target set. We observed the following.
· Figure 1(a) shows that the legacy mechanism cannot detect all target cells based on either alternative definition within a reasonable amount of time.
· Figure 1(b) shows that the legacy mechanism with the number of measurement samples equal to or greater than 8 can achieve a detection probability exceeding 99% for the best RSRP small cell.
Since we assume synchronized transmission for the PSS/SSS among all small cells in the simulation, the PSS/SSS of different small cells will always collide and hence the detection probabilities for the target cells except for the best small cell are not sufficiently high. Conversely, if we assume a different transmission timing offset for each small cell, the detection probabilities would improve especially in low traffic load situations. 
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Figure 1 – Detection probabilities for target cells 
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Figure 2 – RSRP measurement accuracies for top three cells 

2.2.
RSRP measurement accuracies for top three small cells

Figure 2 shows the RSRP measurement accuracies for top three small cells. Although evaluation results in the previous subsection show that the legacy cell detection mechanism based on the PSS/SSS cannot detect all three of the top small cells in almost all cases, we assume perfect knowledge of the cell ID and the receive timing of the top three cells in the evaluation of the RSRP measurement accuracy. We observed the following.

· CRS-based RSRP measurement using 6 RBs requires multiple subframes to achieve high accuracy especially for the 3rd RSRP small cell.

· One shot of CRS-based RSRP measurement using 50 RBs seems to work well.

3. Discussion on Small Cell Discovery for Efficient Small Cell On/Off Operation
3.1.
Legacy mechanism-based approaches

Based on the evaluation results for the legacy mechanism in Section 2, we discuss the adequacy of applying the legacy mechanism to the small cell on/off procedure.
We evaluated the UL-based and DL-based small cell on/off procedures in a separate contribution [4]. As described in the contribution, better throughput gain can be achieved using the DL-based small cell on/off mechanism, and the gain increases as the transmission density of the DL-RS in the off-state decreases. In addition, if a UE can detect and measure the surrounding active/dormant small cells, the NW can adequately make a decision regarding the on/off switching, e.g., the NW can keep a dormant small cell in the off-state if the UE detects another active small cell at the same time.
According to the evaluation results shown in Section 2, the legacy mechanism would need to spend a very long time to detect and measure the 2nd and 3rd best RSRP small cells if the PSS/SSS/CRS transmission timings among small cells are synchronized. In addition, at least several tens of milliseconds are needed even for accurate detection of the best RSRP small cell. This means that even if we assume the application of SS-IC, several tens of milliseconds would be needed for the 2nd and 3rd small cells. On the other hand, if a different PSS/SSS/CRS transmission timing offset is applied to each small cell, detection and measurement of the 2nd and 3rd RSRP small cells would be achieved in a shorter period due to less interference among small cells especially in a low traffic load case. 
However, the approach based on the transmission timing offset of the PSS/SSS/CRS causes another problem in terms of the UE effort for detection and measurement as shown in Figure 3(a). If a different timing offset for each small cell is applied, the UE needs to perform small cell detection and measurement at multiple timings for different small cells. Especially in the case of inter-frequency small cell discovery, the UE needs to spend an exceedingly-long time for detection and measurement due to the current measurement gap configuration and the discontinuous transmission of the DL-RS in the off-state (Alt. 1 in Fig. 3(a)). Otherwise, the UE needs to configure a new large measurement gap for detection and measurement of the surrounding active/dormant small cells (Alt. 2 in Fig. 3(a)). Since either alternative would lead to an increase in the UE battery consumption, it should be avoided.
[image: image3.emf](a) Case when using legacy SS/RS in off -state with different timing offsets for each small cell

(b) Case using when discovery signal in off -state

DL DATA and SS/RS

DL DATA and SS/RS

DL DATA and SS/RS

Cell #1

Cell #2

Cell #3

Burst transmission of SS/RS

ON OFF (DTX) ON

DL DATA and SS/RS

DL DATA and SS/RS

DL DATA and SS/RS

Cell #1

Cell #2

Cell #3

Discovery signal

ON OFF (DTX) ON

Alt. 1

Alt. 2

Measurement gap

Measurement gap


Figure 3 – Inter-frequency small cell discovery for small cell on/off operation

Observation 1: The legacy cell detection mechanism based on the PSS/SSS would not be sufficient for small cell on/off operation in Rel. 12 dense small cell deployments.
· If PSS/SSS transmission timings among small cells are synchronized, the legacy mechanism would need to spend a very long time to detect and measure the 2nd and 3rd RSRP small cells, and at least several tens of milliseconds would be needed for accurate detection of the best small cell.
· If a different timing offset of the PSS/SSS for each small cell is applied, the UE needs to perform small cell detection and measurement at multiple timings for different small cells. This would lead to an exceedingly-long time or the need for a new large measurement gap configuration for inter-frequency small cell detection and measurement.
3.2.
New discovery mechanism-based approaches

For efficient small cell on/off operation that achieves better throughput gain and/or energy saving gain, the following features are expected to be implemented in the discovery signal-based mechanism.
· Discovery signals of multiple small cells are synchronously transmitted so that the UE can perform  detection and measurement of the surrounding active/dormant small cells at the same time, i.e., possibly within a single measurement gap duration in the case of inter-frequency small cell discovery as shown in Fig. 3(b).
· The discovery signal is transmitted with a long periodicity and short duration, e.g., 1-ms transmission duration within a 200-ms transmission period, so that the inter-cell interference from dormant small cells can be minimized and the eNB power savings in the off-state can be achieved.
· Discovery signals have a low cross-correlation or orthogonal property so that the UE can accurately detect and measure the surrounding active/dormant small cells within a short time, i.e., possibly using a single batch process.
· The network assists UEs to achieve efficient small cell discovery, for example, the network informs the UEs regarding the transmission timing and configuration patterns of discovery signals so that the UE efforts in terms of detection and measurement can be significantly reduced.
The above expected features can be partly achieved by using some existing RSs such as the CSI-RS or PRS. Figure 4 shows the detection probabilities for target cells if the CSI-RS or PRS is used for small cell detection. In the CSI-RS case, since the ZP-CSI-RS is applied with the CSI-RS to achieve resource orthogonalization within a cluster, the detection performances for the 2nd and 3rd small cells can be improved significantly and all small cells within the target set can be detected with a probability exceeding 99% for both alternative definitions. On the other hand, in the PRS case, since the resource density of the PRS within a subframe is high and six repetition patterns are applied, the detection probability performances can be improved; however, it is slightly worse than that in the CSI-RS case due to inter-cell interference within a cluster which is avoided in the CSI-RS case.
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Figure 4 – Detection probabilities for target cells when using CSI-RS or PRS
Considering the above expected features of the discovery signal, the original CSI-RS and PRS may not be sufficient for the discovery signal in terms of the following aspects, although the CSI-RS or PRS can be considered as a baseline for the discovery signal.
· Lower resource density of CSI-RS

· Less flexibility in terms of the transmission period for the CSI-RS 

· Lack of the number of orthogonal resource configurations for the PRS
Therefore, we propose that an efficient discovery mechanism based on an enhanced RS should be supported in Rel. 12 LTE. However, all expected advantages of the discovery signal described above can be utilized only under some specific conditions. For example, conditions such as synchronization among small cells at least within the same cluster, a wide system bandwidth, only low mobility UEs for small cells, and RRC-CONNECTED UEs would be needed. If the discovery signal-based mechanism is an additional option for the legacy mechanism, Rel. 12 UEs can use the new mechanism based on the discovery signal only when the expected advantages are obtained. Otherwise, the UE performs the legacy mechanism based on the PSS/SSS/CRS as well as the legacy UE. Although the discovery signal may not cause severe problems in terms of additional interference and increase in overhead, it is better that the discovery signal be configurable according to network conditions.
If an efficient discovery mechanism is supported in LTE Rel. 12, following issues may potentially impact the specifications and hence they should be discussed in the SCE WI phase.

· Solutions for RS enhancements such as RS resource orthogonalization/densification, longer transmission period, and configurability.
· RRC signaling to assist the detection and measurement of small cells, such as transmission timing and RS configuration information of the discovery signal
· Required mechanisms to support the efficient small cell on/off operation and other efficient operations, such as RSRP measurement based on the discovery signal, measurement gap configuration for inter-frequency small cell discovery based on the discovery signal, and DRX procedure considering the discovery signal.
Proposal 1: An efficient discovery mechanism should be supported in LTE Rel. 12.
· At least, an efficient small cell on/off mechanism based on the discovery signal should be supported.
· Rel. 12 efficient discovery may focus on some specific scenarios such as a synchronized NW, RRC_CONNECTED UE, low mobility, and wide system bandwidth scenarios.
Proposal 2: The following issues should be discussed in SCE WI.
· RS enhancements (i.e., discovery signal design)

· e.g., resource orthogonalization/densification, longer transmission period, and configurability 

· Corresponding RRC signaling to assist detection of the discovery signal

· e.g., transmission timing and configuration information
· Required mechanism to support small cell on/off and other efficient operations

· e.g., RSRP measurement based on the discovery signal (if only the discovery signal is transmitted in the off-state), measurement gap configuration for inter-frequency small cell discovery, and DRX procedure
4. Conclusion

In this contribution, we presented our evaluation results on small cell detection and measurement, and discussed small cell discovery mainly for efficient small cell on/off operation. 
Observation 1: The legacy cell detection mechanism based on the PSS/SSS would not be sufficient for small cell on/off operation in Rel. 12 dense small cell deployments.
· If PSS/SSS transmission timings among small cells are synchronized, the legacy mechanism would need to spend a very long time to detect and measure the 2nd and 3rd RSRP small cells, and at least several tens of milliseconds would be needed for accurate detection of the best small cell.
· If a different timing offset of the PSS/SSS for each small cell is applied, the UE needs to perform small cell detection and measurement at multiple timings for different small cells. This would lead to an exceedingly-long time or the need for a new large measurement gap configuration for inter-frequency small cell detection and measurement.
Proposal 1: An efficient discovery mechanism should be supported in LTE Rel. 12.
· At least, an efficient small cell on/off mechanism based on the discovery signal should be supported.
· Rel. 12 efficient discovery may focus on some specific scenarios such as a synchronized NW, RRC_CONNECTED UE, low mobility, and wide system bandwidth scenarios.
Proposal 2: The following issues should be discussed in SCE WI.
· RS enhancements (i.e., discovery signal design)

· e.g., resource orthogonalization/densification, longer transmission period, and configurability 

· Corresponding RRC signaling to assist detection of the discovery signal

· e.g., transmission timing and configuration information
· Required mechanism to support small cell on/off and other efficient operations

· e.g., RSRP measurement based on the discovery signal (if only the discovery signal is transmitted in the off-state), measurement gap configuration for inter-frequency small cell discovery, and DRX procedure
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Annex A.  Simulation Assumptions for Discovery Performance Evaluation
For the evaluation of small cell discovery, we conducted system level simulations in which link level signal generation and detection/measurement algorithms are implemented. The system level and link level simulation assumptions are summarized in Table AI and Table AII, respectively. 
Table AI. Simulation Assumptions for Deployment Model
	System Parameters 
	Macro Layer Assumptions
	Small Layer Assumptions

	Center frequency 
	2 GHz 
	3.5 GHz 

	Deployment model 
	7 macrocell sites, 3 sectors per site, Hexagonal (ISD = 500 m) 
	1 cluster per macrocell, 10 small cells per cluster, uniform/random within cluster (50 m radius) 

	PL/shadowing model 
	ITU UMa (3D distance) 
	ITU UMi (3D distance) 

	Total Tx power 
	46 dBm 
	30 dBm 

	System bandwidth 
	10 MHz 
	10 MHz 

	Tx antenna model
	3D, 25 m height, 17 dBi 
	2D, 10 m height, 5 dBi 

	UE dropping 
	Uniform/random within cluster (70 m radius), 20% outdoor and 80% indoor, 30 UEs per cluster 

	UE model 
	1.5 m height, 0 dBi, 9 dB noise figure 


Table AII. Simulation Assumptions for Link-Level Signal Generation and Detection
	Link Parameters 
	Assumptions

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

	Timing offset 
	+/- 3 µs 

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

	Signal model 
	Full buffer (random QPSK data except for the explicitly-modeled CRS), 6 PRBs for PSS/SSS based detection, 50 PRBs for CSI-RS or PRS based detection, 6 and 50 PRBs for CRS based RSRP measurement

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

	Detection threshold
	For each detection mechanism, the detection threshold is decided so that the false alarm probability is below 0.001

	PSS/SSS-based detection algorithm
	・Candidate symbol timings of PSS/SSS and candidate local IDs are obtained based on the sliding correlation between the received signal and PSS replicas.

・A cell ID is detected if the test statistic for the cell ID derived based on coherent detection of the SSS is higher than the detection threshold.

	CSI-RS or PRS-based detection algorithm
	・It is assumed that the NW informs one candidate subframe timing of the CSI-RS or PRS timing and the timing has a +/- 3-µs offset.
・It is assumed that the NW informs candidate RS configurations, i.e., cell IDs and configuration patterns of all small cells within a connected macrocell site.
・A cell is detected if the test statistic for the candidate cell derived based on the correlation between the received symbols and RS replica symbols with cyclic sample shifts is higher than the detection threshold.


Annex B.  Performance evaluation on the CSI-RS based and PRS based RSRP measurements
In addition to the evaluation for the detection performance based on the CSI-RS and PRS in Section 3.2, we evaluated the RSRP measurement accuracy based on the CSI-RS and PRS. 50 RBs of the CSI-RS or PRS are used for the RSRP measurement. We observed the following from the results shown in Figure AI.

· CSI-RS-based RSRP measurement using 50 RBs shows an excellent performance for all three of the top small cells due to the resource orthogonalization among small cells within the same cluster.

· PRS-based RSRP measurement using 50 RBs shows a similar performance as CRS-based RSRP. 
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Figure AI – RSRP measurement accuracies for top three cells 

According to the evaluation results for the CSI-RS-based mechanism, the resource orthogonalization among small cells within the same cluster is quite effective to improve detection and measurement performances. Figure AII shows CDF of SINR for top three small cells with or without interference within the same cluster. The results clearly establish the effectiveness of the resource orthogonalization among small cells within the same cluster.
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Figure AII – CDF of SINR for top three small cells with or without interference within the same cluster
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