
3GPP TSG RAN WG1 Meeting #72bis   









R1-131127
Chicago, USA, 15th – 19th April, 2013
Agenda item:
7.2.5.3.2
Source:
New Postcom

Title:
Initial performance evaluation on small cell discovery
Document for:
Discussion and Decision
1 Introduction

One of the important aspects for enabling efficient small cell operation is to enhance the discovery mechanism for small cell, as listed in the “Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects” SI [1]:

· Mechanisms for efficient discovery of small cells and their configuration.
As a first step of this study, the performance of the existing discovery mechanism on the small cell specific deployment should be evaluated as a baseline. Based on the result, it can be concluded that whether any critical issues exist in the scenario, and any enhancements are necessary.

In this contribution, we provide our preliminary evaluation results of the cell discovery performance in the small cell scenario. It is worth noting that the issue of small cell discovery was discussed in RAN2 under the HetNet mobility enhancement SI. However, the focus in RAN2 was mainly on inter-frequency small cell discovery. In the contribution, we discuss the intra-frequency scenario only, which we consider as RAN1 prioritized work in the small cell enhancement SI.
2 Discussion
Deploying a large number of small cells is an attractive way to further boost system throughput and to improve user experience, especially considering the rapid growth of data traffic because of recent prevalence of smart phones. In comparison to the previously studied Heterogeneous Network (HetNet) scenario, in Rel-12 the density of the small cells is expected to be much higher. Consequently, some significant technical challenges are foreseen, especially the much higher co-channel interferences. Fig. 1 shows a set of geometry distributions with different number of co-channel deployed small cells. More specifically, according to [2], one or two small cell clusters are deployed where each cluster may have four or ten small cells. It can be observed clearly that the interference get much more severe when the number of deployed small cells increases.

From the perspective of small cell discovery, this situation is definitely undesirable. It implies that when a larger number of small cells are employed, the increased inter-cell interference may delay the detection or even block the detection of potential small cells. Consequently, the expected system throughput gain would be decreased or even eliminated.
Observation 1: As the number of small cells increases, the inter-cell interference become more severe in the co-channel deployment scenario.

In the next section, the system level simulation results are provided in the context of co-channel deployment scenario for the sake of evaluating the cell discovery performance.


[image: image1]
Fig. 1: Geometry for co-channel deployments with different numbers of small cells.
3 Performance evaluation
3.1 Scenario and assumptions
The system level simulation was performed in the small cell scenario one as described in the agreed evaluation scenario [3], where the small cells are deployed on the same frequency as that of the overlaid macro cells. The deployments of one and two small cell clusters were evaluated, while both sparse case (i.e. four small cells per cluster) and dense case (i.e. ten small cell per cluster) were evaluated for each deployment. Detailed simulation parameters can be found in [2].
The UEs were uniformly dropped into the network. Each UE was assigned with a random moving direction, and moved in straight line with constant speed. The UE velocity of 3 kmph and 30 kmph were adopted in the evaluation, covering low and medium speed scenarios. The mobility related parameters, such as A3 offset, L3 filter, etc, were configured according to TR 36.839 [4]. It should be noted that the evaluation was for non-DRX case.
The network was assumed to be synchronized as the agreed simulation assumption. The cell identification was based on the existing synchronization and reference signals, and procedure was based on the "realistic cell detection" procedure described in [5] . Cell detection criteria adapted from measurement conditions in [6] was used in the simulations.
3.2 Simulation results
Fig. 2. shows the cumulative distribution function (CDF) of the number of detected cells for different numbers of small cells being deployed, and for UE velocity of 3 kmph and 30 kmph, respectively. On the other hand, Fig. 3 illustrates the CDF only for the detected small cells. Firstly, it is observed that the number of detected cells is increased if more cells are deployed, by either increasing the number of cluster, or increasing the density of cells per cluster, or both. Moreover, increasing the number of cluster only slightly increases the probability of cell detection, while increasing the density of cell in the cluster would more likely to lead to a higher number of cells to be detected.
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Fig. 2: Number of detected cells in different scenarios.
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Fig. 3: Number of small cells detected in different scenarios.
However, the number of detected cells does not increase in proportion to the number of deployed small cells. In other words, deploying a larger number of small cells does not significantly increase the number of detected small cells. For example, as shown in Fig. 3, for UE with velocity of 30 kmph, around 40% of UEs may detect more than one small cells if four small cells are deployed. As the number of small cells increases to twenty (i.e. five times of four cells), only around 65% of UEs can detect more than one small cells, in other words, only 25% increment of detection probability.
Furthermore, as observed from Fig. 3, the maximum number of detected small cells is somehow limited to seven, even if up to twenty small cells are deployed per macro cells. Only a minor proportion of UEs (less than 5%) may detect more than four small cells. Such results verify that when the number of cells increases, the higher inter-cell interference, as presented in Fig. 1, prevents the UE from discovering more number of cells with existing discovery mechanism.

Therefore, it can be concluded that the simply increasing the number of small cells in the system may not help the UE to exploit more small cells to be served. Consequently, the increased number of small cell cannot directly improve the UE experience and system throughput. Enhanced small cell discovery mechanism is necessary to enable the UE to identify larger number of small cells in the high interference environment.
Observation 2: The maximum number of small cells can be detected is limited with existing discovery mechanism. Simply increasing the number of small cells in the system may not help the UE to exploit more small cells for service.

4 Conclusion

In this contribution, we provide our preliminary evaluation results of the cell discovery performance in the small cell deployment scenario. Based on the evaluation results, we observed that as the number of small cells increases, the inter-cell interference become severe, which prevents the UE from discovering more number of cells with existing discovery mechanism. Consequently, simply increasing the number of small cells in the system may not help the UE to exploit more small cells to be served. Therefore, we propose that:
Proposal 1: Enhanced small cell discovery mechanism may be necessary to enable the UE to identify larger number of small cells in the Rel-12 small cell deployment scenarios.
Proposal 2: It is suggested that RAN1 firstly focus on the discovery mechanism in co-channel scenarios. The inter-frequency scenarios can be further processed after RAN2 has concluded the enhancement for inter-frequency discovery in HetNet mobility enhancements WI.
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Appendix A: Conditions of intra-frequency measurement
The conditions of intra-frequency measurement on non-DRM mode from [6] used in our simulations are provided below.

Table 1: E-UTRAN intra-frequency measurements.
	Parameter
	Conditions

	
	Bands 
	Bands 
	Bands 


	Bands 


	Bands

	
	1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	9, 41, 42, 43
	2, 5, 7
	3, 8, 12, 13, 14, 17, 20, 22
	25

	SCH_RP|dBm(
	-127 dBm


	-126 dBm


	-125 dBm


	-124 dBm


	-123.5dBm

	SCH  Ês/Iot >
	- 6 dB
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