Page 1



3GPP TSG-RAN WG1#74
R1-133107
Barcelona, Spain, 19 – 23 August 2013
Agenda Item:

7.2.6.1.2
Source:


Samsung
Title:


Discussion on small cell discovery
Document for:

Discussion and decision
1 Introduction
One of the objectives of small cell enhancements study item [1] is to study the mechanisms to ensure efficient operation of a small layer composed of small cell clusters, which includes:
· Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.

· Mechanisms for efficient discovery of small cells and their configuration.
In this document, we discuss small cell discovery aspects taking into account the scenarios and requirements for small cell enhancements captured in TR 36.932 [2] as well as corresponding RAN1 evaluation assumptions [3]. We also provide evaluation results on small cell discovery for Scenario #1 and Scenario 2a.
2 Requirements and Approaches
2.1 General requirements
Various requirements for small cell enhancements are studied during the RAN study phase considering system/mobility/coverage performance, core network related aspects, cost and energy efficiency aspects, and security aspects. Among the identified small cell enhancement requirements in [2], at least the following aspects should be considered with respect to small cell in a dormant mode and small cell discovery:
Energy efficiency:
· Small cell enhancement should target the network energy efficiency to be as high as possible, given a reasonable system complexity with considering the traffic characteristics of small cell enhancement.
· High UE energy efficiency should be targeted taking into account the small cell’s short range transmission path.

Mobility performance:

· For UEs being served on a macro layer, small cell nodes need to be discovered and potential mobility to small cell node performed, in a timely manner and with low UE power consumption in a situation when the UE moves into the coverage area of the small cell layer.

Furthermore, as a general requirement, common solution for small cell in a dormant mode and small cell discovery should be targeted regardless of small cell enhancements scenario, e.g. with and without macro coverage, outdoor and indoor, ideal and non-ideal backhaul, sparse and dense deployment, synchronized and un-synchronized scenarios, etc.
2.2 Summary of Small Cells Discovery Approaches
In order to achieve network energy efficiency target, as captured in [2], placing small cells in a dormant mode could be supported considering the increased likelihood of small cells not serving any active users. Once the small cell has switched to a dormant mode, it is required for a UE to discover the small cell in a timely manner when the UE moves nearby the small cell area. Figure 1 shows the transition between small cell in a dormant mode and non-dormant mode.
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Figure 1. Transition between small cell in a dormant mode and non-dormant mode
Small cell discovery could be accomplished by multiple approaches: 
Discovery signal based approach

For example, the dormant eNB may not transmit any downlink signal except the one with long DTX cycle (so called discovery signal) to inform UEs of the presence of the cell. Then, the UE can discover the dormant cell and can assist the cell to be reactivated. If the UE does not detect the presence of the small cell in its proximity, the small cell may lose the offloading opportunity. The discovery signal can be newly designed or formed from a legacy signal (e.g. PSS/SSS, CRS, PRS, CSI-RS). A discovery signal should be designed taking into account the trade-off between energy efficiency and offloading potential, e.g. DTX cycle length, resource utilization of the discovery signal, etc. 
UL signal based approach

On the other hand, a dormant eNB may not transmit any downlink signal including discovery signal. As provided in [4], a UE could be configured to transmit a specific UL signal, e.g. PRACH, SRS, and PUSCH data and associated DMRS. The “wake-up” operation is based on the dormant eNB detecting the UL transmission of the UE and reporting details of the detected signalling back to the Macro eNB. With this information the Macro eNB is able to identify the UE and to reactivate the dormant eNB. Either macro eNB or pico eNB may be possible to reactivate the dormant eNB. For example, in small cell scenario 3, pico eNB could determine the reactivation of the dormant eNB. From this approach, less RAN1 spec impact would be expected by reusing existing UL signal.
In addition to discovery of small cells in a dormant mode, the discovery of small cells not in a dormant mode has been raised as a potential issue for consideration in the study item. For example, for a dense small cell deployment scenario, it has been proposed to consider efficient discovery procedures other than that of legacy PSS/SSS and CRS based approaches. Therefore, certain evaluations should first be needed to identify whether the UE’s discovery of many cells nearby would delay or otherwise degrade the process of cell discovery. 
Current LTE mobility procedure is differentiated based on the UE RRC state, i.e. a UE in RRC_IDLE performs cell reselection while network-controlled UE-assisted handovers are performed for a UE in RRC_CONNECTED. Further discussion is needed whether the discovery of small cell for a UE in RRC_IDLE should be enhanced.
3 Small Cell Discovery Evaluation Methodology
General evaluation assumptions for Scenarios #1 and #2a can be found in [3]. More specific evaluation assumptions for small cell discovery have been proposed in [6].

3.1 UE selection for evaluation
In this contribution we focus on small cell discovery performance for UEs inside or near small cell hotzone clusters. This approach is to give insight into the observed small cell discovery characteristics for the subset of UEs who are more likely to benefit from discovering a small cell within a cluster e.g. through handover, dual connectivity, or interference coordination.

In order to select a set of candidate UEs for evaluation, a relative RSRP threshold is applied between the macro and small cell layers. For a given UE the difference between the RSRP of the strongest macro cell and the strongest small cell are compared as a proxy for excluding UEs far away from the small cell cluster, who are not likely to be interested in discovering the small cells. A selection threshold T is applied such that if RSRPmacro – RSRPsmall_cell < T, the UE is selected for evaluation of discovery performance. The value of the threshold T will determine the proportion of the total UEs considered. As T decreases, the total percentage of UEs evaluated is reduced, considering only those with strong small cell RSRP relative to the macro cell. In this contribution, T = 20 dB was chosen since for Scenarios #1 and #2a, it results in roughly 2/3 of the UEs (corresponding to the hotzone UE distribution) being selected for evaluation.

3.2 Per-UE clustering (Per-UE target set of small cells to be detected)
 Both Scenario #1 and #2a are based on clustered dropping of the small cells within a hotzone radius. Thus the definition of a cluster has a well-defined geographic meaning. However for a given UE, the perceived “cluster size” may vary depending on the location of the UE. For example a UE in the center of a hotzone may observe fairly strong RSRP from all or almost all of the small cells within the hotzone. However a UE just outside the edge of the hotzone may only observe a strong signal from a fraction of the small cells.

Based on this observation we introduce a notion of a per-UE cluster based on the number of small cells with a RSRP value that falls within a “gap” defined by the strongest small cell RSRP observed by the UE and a threshold RSRPgap. 

Figure 1 illustrates the measurements taken for the UE selection and per-UE cluster definition. In summary, a UE is selected for evaluation if RSRPm,1- RSRPsc,1 < T, and a small cell x is included in the per-UE cluster if RSRPsc,1 -RSRPsc,x < RSRPgap.
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Figure 2: Measurements at the UE for discovery evaluation selection and per-UE cluster definition
3.3 Cell detection scheme & other evaluation assumptions
In this contribution, we evaluate the cell detection performance for the following schemes:
A. Cell detection with 1 PSS/SSS subframe

B. Cell detection with 2 PSS/SSS subframes

C. Cell detection 1 CSI-RS subframe

For each scheme, we derive the cell detection probability vs SNR subject to false alarm probability of 1% using link level simulation. The link level simulation assumptions and the cell detection probability vs SNR curves can be found in the Appendix.
The cell detection probability curves are then used in a system level simulator to evaluate the number of detected small cells and the probability of detecting the first 4 small cells for Scenario#1 and #2a, assuming 10MHz system bandwidth. We assume that PCIs are randomly assigned to all cells and the UE has no prior knowledge about the PCIs of the cells to be detected. The frames of all cells are assumed aligned, i.e. PSS/SSS are fully overlapped. Moreover, the location of the PSS/SSS and CSI-RS signals are known a priori to the UE. In addition, for CSI-RS transmission, we assume that each cell is assigned an orthogonal CSI-RS frequency/time resource and that muting is applied. The UE utilizes the CSI-RS of 50 RBs for cell detection purpose.
4 Evaluation results

4.1 Scenario #1
Scenario #1 considers outdoor small cell deployments on the same carrier as the macro cells. The primary difference with prior HetNet studies is the clustered deployment of the small cells with one or two clusters with 4 or 10 small cells each deployed within a radius of 50m and within a 70m hotzone radius for the UE dropping. The transmit power of the small cells is selected as 30 dBm in the following results.
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(b) 1 cluster, 10 small cells/cluster
Figure 3: CDF of the number of detected small cells and per-UE cluster size for Scenario #1 (1 PSS/SSS subframe detection).
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Figure 4: CDF of the number of detected small cells and per-UE cluster size for Scenario #1 (2 PSS/SSS subframes detection).
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(b) 1 cluster, 10 small cells/cluster
Figure 5: CDF of the number of detected small cells and per-UE cluster size for Scenario #1 (1 CSI-RS subframe detection).
Considering the PSS/SSS cell detection scheme and the results in Figure 3 and Figure 4, as previously observed in [5], the number of small cells detected increases with increased small cell density. In fact the increase is almost directly proportional to the factor of the density increase. For example from Figure 4a to Figure 4b, the number of small cells per macro cell area increases from 4 to 10, while the 50th percentile point of the small cell discovery CDF roughly doubles. Also, a significant number of UEs in both cases are able to detect the small cells in the nearby cluster (4 or 10). 

We also note that with 1 PSS/SSS subframe detection the number of cells detected generally does not meet the target number of cells required by RSRPgap of 15 dB. However, it is observed that when 2 PSS/SS subframes are used cell detection, 75% of UEs in the 4 small cells/cluster case detect at least as many small cells as the corresponding size of the per-UE cluster for RSRPgap of 15 dB. In the case of 10 small cells/cluster, the crossover between the per-UE cluster CDF and the detected small cell CDF takes place at 85%. 

From Figure 5, we observe that the number of small cells detected using CSI-RS detection significant exceeds the target number of cells to be detected for all UEs, especially so for the case of dense small cells deployment (10 small cells/cluster). This is due to the advantage of muting on the CSI-RS resource elements by neighboring cells. Therefore, CSI-RS can be considered as a candidate small cell discovery signal if enhancement over the legacy PSS/SSS cell detection method is necessary.
In Table 1 and Table 2, we provide the cell detection probabilities for the first 4 small cells for the case of 4 small cells per cluster and the case of 10 small cells per cluster, respectively. Plots for the cell detection probabilities for the first 10 small cells can be found in the Appendix. 
Table 1: Cell detection probability for the first 4 small cells (4 small cells per cluster)
	
	1st cell
	2nd cell
	3rd cell
	4th cell

	1 PSS/SSS subframe
	88.60%
	70.62%
	48.70%
	27.42%

	2 PSS/SSS subframes
	94.47%
	82.92%
	66.26%
	28.02%

	1 CSI-RS subframe
	98.32%
	95.09%
	89.34%
	79.75%


Table 2: Cell detection probability for the first 4 small cells (10 small cells per cluster)
	
	1st cell
	2nd cell
	3rd cell
	4th cell

	1 PSS/SSS subframe
	94.04%
	86.32%
	77.20%
	66.66%

	2 PSS/SSS subframes
	97.60%
	93.43%
	88.17%
	81.45%

	1 CSI-RS subframe
	99.31%
	98.56%
	97.52%
	96.17%


4.2 Scenario #2a

Scenario #2a considers the same outdoor small cell deployments topologies as Scenario #1, however the small cells are on a different carrier from the macro cells. Transmit power of the small cells is again set at 30 dBm.
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(b) 1 cluster, 10 small cells/cluster
Figure 6: CDF of the number of detected small cells and per-UE cluster size for Scenario #2a (1 PSS/SSS subframe).
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(b) 1 cluster, 10 small cells/cluster
Figure 7: CDF of the number of detected small cells and per-UE cluster size for Scenario #2a (2 PSS/SSS subframes).
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(b) 1 cluster, 10 small cells/cluster
Figure 8: CDF of the number of detected small cells and per-UE cluster size for Scenario #2a (1 CSI-RS subframe).
Comparing the results in Figure 6 & 7 with Figure 3 & 4, we note that there is a small, but noticeable shift to the right in the distribution of the number of detected cells, quantifying the gain from removing macro interference on the small cell synchronization signals. Again, in the case of cell detection with 2 PSS/SSS subframes, a significant number of UEs are able to detect the small cells located in more than one cluster. In fact the percentage of UEs who detect more small cells than the comparable per-UE cluster size is increased compared to Scenario #1.   
Similar as Scenario #1, the number of small cells detected using CSI-RS detection can comfortably meet the target number of cells to be detected for all UEs.

Finally in Table 3 and Table 4, the cell detection probabilities for the first 4 small cells for the case of 4 small cells per cluster and the case of 10 small cells per cluster, respectively, are provided. Plots for the cell detection probabilities for the first 10 small cells can be found in the Appendix. 

Table 3: Cell detection probability for the first 4 small cells (4 small cells per cluster)

	
	1st cell
	2nd cell
	3rd cell
	4th cell

	1 PSS/SSS subframe
	98.46%
	87.93%
	66.84%
	40.74%

	2 PSS/SSS subframes
	99.64%
	94.94%
	82.73%
	60.91%

	1 CSI-RS subframe
	98.82%
	92.81%
	81.91%
	66.34%


Table 4: Cell detection probability for the first 4 small cells (10 small cells per cluster)

	
	1st cell
	2nd cell
	3rd cell
	4th cell

	1 PSS/SSS subframe
	99.29%
	96.47%
	91.39%
	72.25%

	2 PSS/SSS subframes
	99.86%
	99.04%
	97.20%
	88.41%

	1 CSI-RS subframe
	99.48%
	97.94%
	95.62%
	92.50%


5 Conclusions
In this contribution, we provided evaluation results on small cell discovery for Scenario #1 and #2a based on the CDF curves of the number of detected cells with respect to the received SINR of the PSS/SSS and the CSI-RS, as well as the cell detection probabilities for the first 4 small cells. Additionally, we considered the characteristics of UE-perceived small cell cluster size and its relation to the discovery distribution. 

From the results we make the following observations:
Observation 1: The number of small cells detected increases (almost directly in proportion) with increased small cell density. 

Observation 2: For hotzone UEs, using 2 PSS/SSS subframes for cell detection, the number of detected small cells is typically greater than the number of small cells observed by a UE to be within a RSRP range down to 15 dB lower than the RSRP of the strongest small cell.

Observation 3: Cell detection performance based on CSI-RS offers significant improvement over 1 or 2 PSS/SSS subframes detection and therefore can be considered as a candidate for small cell discovery signal if enhancement is deemed necessary.
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Appendix
Link level simulation assumptions and results
Table 5: Link level simulation assumptions
	Propagation conditions
	EPA 5Hz

	Îor/Ioc
	-20 dB to +20 dB

	Number of Tx Antennas
	1

	Number of Rx Antennas
	2

	Time/frequency offset
	Zero offset

	Cell detection method
	Non-coherent detector

	Measurement Period
	PSS/SSS detection: 1 subframe & 2 subframes

CSI-RS detection: 1 subframe

	Measurement Bandwidth
	6 RBs for PSS/SSS detection

50 RBs for CSI-RS detection

	False alarm probability
	1%
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Figure 9: Link level simulation cell detection probability vs SNR
Cell detection probability for the first ten small cells
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(b) 1 cluster, 10 small cells/cluster
Figure 10: Cell detection probability for the first 10 small cells for Scenario #1 (1 PSS/SSS subframes)
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(b) 1 cluster, 10 small cells/cluster
Figure 11: Cell detection probability for the first 10 small cells for Scenario #1 (2 PSS/SSS subframes)
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(b) 1 cluster, 10 small cells/cluster
Figure 12: Cell detection probability for the first 10 small cells for Scenario #1 (1 CSI-RS subframe)
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(b) 1 cluster, 10 small cells/cluster
Figure 13: Cell detection probability for the first 10 small cells for Scenario #2a (1 PSS/SSS subframes)
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(b) 1 cluster, 10 small cells/cluster
Figure 14: Cell detection probability for the first 10 small cells for Scenario #2a (2 PSS/SSS subframes)
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(b) 1 cluster, 10 small cells/cluster
Figure 15: Cell detection probability for the first 10 small cells for Scenario #2a (1 CSI-RS subframe)
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