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1. Introduction
Small cell deployments are a major focus area in Rel-12 LTE [1], [2]. The clustered deployment and higher density of small cells distinguish them from Rel-10/11 macro-pico/RRH heterogeneous network scenarios. Various scenarios for small cell deployments are outlined in [2] and evaluations assumptions are documented in [3]. In this contribution, we investigate the nature of coupling loss and geometry for various small cell deployments for both indoor and outdoor.  Based on our evaluations we also try to provide suggestions about some of the remaining aspects for small cell evaluations. 
2. Coupling Loss and Small Cell-UE Association
The evaluation assumptions and other simulation parameters are noted in the appendix. 

The coupling loss results for scenarios 2a and 2b are provided in Figure 1 and Figure 2, respectively. For scenario 2a, Figure 1 shows the coupling loss for 2 clusters per macrocell and 4 small cells per cluster. For scenario 2b, Figure 3 shows the coupling loss for 2 buildings per macrocell and 8 small cells per building. Each building consists of 2 floors and there are 4 small cells in each floor. The UEs are randomly distributed between the two floors. The results in both figures were generated assuming a fixed number of UEs in the network for which cell associations were done simultaneously, taking into account interference from all the nodes in the same frequency.  
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Figure 1: Coupling loss for scenario 2a with 2 clusters/macro and 4 small cells per cluster
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Figure 2: Coupling loss for scenario 2b with 2 buildings/sector and 8 small cells/building
The methodology used to compute the coupling loss in Figure 1 and Figure 2 is similar to previous phase 1a calibrations for homogeneous and CoMP scenarios. We refer to this conventional calibration method as RSRQ-based association assuming fully loaded small cells.  A potential problem for RSRQ-based association assuming fully loaded small cells is that the UE association does not take into account the actual load of the small cells. The actual load could be such that some small cells do not transmit PDSCH at certain subframes since no UEs are associated to them. Figure 3 and Figure 4 illustrate the macrocell association ratios for scenario 2a and scenario 2b, respectively, under this calibration method. Both figures show that a large percentage of small cells are not serving any UEs. 
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Figure 3: Distribution of number of UEs per small cell for scenario 2a. 4 clusters/macrocell and 4 SCs/cluster
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Figure 4: Distribution of number of UEs per small cell for scenario 2b. 2 buildings/macrocell and 8 SCs/building
The way to get around this problem and perform meaningful phase 1a calibrations is to assume a sequential arrival of UEs in the network and have a reasonable estimation of UE service time. This would model behavior in real systems (as captured in the system level simulations). With this in mind, we propose a methodology for small cell phase 1a calibration which we denote RSRQ-based association with partially loaded small cells. The methodology is presented in Section 4.
Observation 1: For small cell scenario 2b, the coupling loss for small cell UEs varies significantly depending on whether the UEs are within the hotzone area served by the small cells or outside. 
Observation 2: A significant number of small cells have no associated UEs for dense deployment scenarios.

3. Geometry and Macrocell Association Ratio
In this section, we present geometry and macrocell association ratio results for the RSRQ-based association assuming fully loaded small cells methodology.
The geometry results for scenarios 2a and 2b are provided in Figure 5 and Figure 6, respectively. 
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Figure 5: Geometry for scenario 2a with 2 clusters/macro and 4 small cells per cluster
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Figure 6: Geometry for scenario 2b with 2 buildings/sector and 8 small cells/building
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Figure 7: Macrocell association ratio versus x% indoor probability of UEs
One of the FFS items in the evaluation assumptions was the percentage of users that are not dropped in the hotzone buildings but still should be considered as indoor users. This percentage was referred to as x% probability of the 1/3 UEs dropped uniformly in the macrocell area. Figure 7 and Table 1 show the macrocell association ratio and the percentage of indoor UEs as a function of the x% probability.
Table 1: Ratio of indoor users versus x% indoor probability

	x% probability
	Ratio of indoor UEs

	0
	69.5%

	20
	75.7%

	30
	78.5%

	40
	81.5%
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Figure 8: Macrocell Association Ratio versus number of small cells per macrocell for scenario 2a
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Figure 9: Macrocell Association Ratio versus number of small cells per macrocell for scenario 2b
Figures 8 and 9 show the macrocell association ratio as the number of small cells per macrocell is varied, for scenario 2a and scenario 2b, respectively. The macrocell association ratio increases as the number of small cells per macrocell increases, owing to the increased intra-frequency interference. The effect of intra-frequency interference is further observed for scenario 2b in Figure 9 for 8 small cells per macrocell scenario. Consider the red and blue bars that depict situations having the same number of small cells per macrocell (1x8=2x4 = 8). We observe that the macrocell association is lower when the small cells are distributed in two separate buildings, thereby decreasing the caused intra-tier interference.
Proposal 1: Inter-SC interference significantly impacts UE geometry even for moderately dense deployments and offsets any improvements in coupling loss. Methods for SC interference mitigation during initial cell selection need to be investigated.

Proposal 2: For small cell scenario 2b, the x% probability of non hotzone UEs being considered as indoor UEs does not have a significant effect on the association ratio of the UEs. An x% value between 30% and 40% should be chosen so that the indoor/outdoor UE ratio does not deviate much from 80/20%. 
4. 
Proposed Calibration Setup for FTP Model
In this section, we summarize the proposed methodology for phase 1a calibration taking into account partially-loaded small cells.  This methodology is called RSRQ-based association with partially loaded small cells.
1. Assume the simulation runs for T discrete time steps over a window, t = {1 … T}

2. For each base station Bi, let A(i,t) be a binary variable that denotes if base station Bi is transmitting PDSCH at time t. Assume at initial run time that all base stations are not transmitting PDSCH (since there are no UEs associated yet); A(i,1) = 0 for all base stations Bi.

3. At each time instant t, new UEs are dropped in each macro cell area according to a Poisson distribution with rate λ (FTP model 1). UE-base station association is then performed based on RSRQ. While computing RSRQ at time t, consider only those base stations Bi for which A (i,t) = 1.

4. If UE uj is associated with BS Bi, generate an approximation of UE service time S (i,j). This could be an exponential random variable with parameter kN where k is normalization constant and N is the number of UEs already associated with BS Bi. Note that this is a rough approximation as the service time will depend on channel conditions, the PF scheduler and the service time of the N UEs already associated with the same base station. But for initial phase 1a calibrations this should suffice.    

5. Identify time t0 such that A (i,t) = 1 for all t < t0 and A (i,t) = 0 for t >= t0. This means that base station Bi would be transmitting PDSCH to its (already) associated UEs up to time t0-1. Since a new UE uj has been added, base station Bi will transmit for S (i,j) additional time instants (note that as mentioned in the previous point, this is a simple model of service time. It ignores effects such as MU-MIMO). Accordingly, set A (i, t) = 1 for all t such that t0 <= t <= t0 + S (i,j).

6. After T time instants, compute the average number of UEs associated to each base station.

Proposal 3: For phase 1a calibrations under FTP model, we propose to use the RSRQ-based association with partially loaded small cells.
5. 
Conclusion
In this contribution we have investigated the coupling loss and geometry characteristics of various indoor and outdoor small cell deployments. Specifically we note the following

Observation 1: For small cell scenario 2b, the coupling loss for small cell UEs varies significantly depending on whether the UEs are within the hotzone area served by the small cells or outside. 
Observation 2: A significant number of small cells have no associated UEs for dense deployment scenarios.

Proposal 1: Inter-SC interference significantly impacts UE geometry even for moderately dense deployments and offsets any improvements in coupling loss. Methods for SC interference mitigation during initial cell selection need to be investigated.

Proposal 2: For small cell scenario 2b, the x% probability of non hotzone UEs being considered as indoor UEs does not have a significant effect on the association ratio of the UEs. An x% value between 30% and 40% should be chosen so that the indoor/outdoor UE ratio does not deviate much from 80/20%.
Proposal 3: For phase 1a calibrations under FTP model, we propose to use the RSRQ-based association with partially loaded small cells.
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7. Appendix 

Table 2: Simulation Assumptions

	Parameter
	Setting

	Cell selection criteria
	RSRP for intra-frequency; 

RSRQ for inter-frequency

	Number of UEs per macro cell
	60 

	Traffic Model
	Full buffer

	Macro sites
	19

	Small cell transmit power
	30 dBm for Scenario 2a/ 24dBm for Scenario 2b


