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1 Introduction

In RAN1#72 meeting, target deployment scenarios and general evaluation assumptions for small cell enhancements were discussed and have been agreed during the email discussions as in [1]. 

In this contribution, we provide our observations on evaluation results for small cell operation under the evaluation assumptions in [1] and discuss interferences behaviour of hotzone UEs and the effects of load balancing between macro cells and small cells in the perspective of RU (resource utilization) and user throughput.
2 Interference Level in small cell scenarios
According to the deployement scenarios for small cell enehancements (espeicially for scenaorio #2a and #2b(dense)), the main differences compared to the previous study (e.g. HetNet, ICIC) would be dense deployment of small cells and/or non-co-channel charateristic between macro cell and small cells. In this case, we can assume that interference between macro cell and small cell is no longer considered, and the interference among small cells may be dominant to determine system performance. 
In evaluation assumptions in [1], UE uses RSRP and RSRQ to select a serving cell for intra-frequency and inter-frequency, respectively. In other words, RSRQ may be taken into account for UE to decide macro cell or small cell as a serving cell in 2a/2b scenarios. To evaluate the interference characteristics of small cell layer compared to macro cell layer, we analyze the SNR (which assumes no interference is measured) and SINR of the serving cell with and without small cell layer. In this evaluation, the gap between SINR and SNR can be interpreted as the accumulated interferece from neighbor cells. Figure 1 presents the results of SINR and SNR of UEs in macro only case without small cell layer (shown in red) and UEs served by small cells in scenario #2a and #2b(dense) (shown in blue). Dotted line shows SNR results and solid line shows SINR results. 
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(a) 2A with 4 small cells per macro area 


(b) 2A with 10 small cells per macro area
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(c) 2B with 4 small cells per macro area 


(d) 2B with 8 small cells per macro area

Figure 1: Difference between SNR and SINR for hotzone UEs.

In Figure 1 (a) and (b), both SINR curves and SNR curves for UEs served by small cells have quite similar behaviours comapred to UEs in macro only scenario, so we can conclude that the interference level in sceanario #2a is comparable to macro only scenario. On the other hand, in Figure 1 (c) and (d), SNR curve for UEs served by small cells is placed on right side compared to UEs in macro only scenario while the SINR curves are still the similar behaviours compared to UEs in macro only scenario. In that point of view, it is predicted that the interference level in scenario #2b is much higher than that of macro only sceanrio. Our observations on the above results are as follows:
Obersvation1: Interference level in outdoor small cells even with denser deployment compared to macro only scenario is comparable to macro only scenario. 
Observation2: Interference level in indoor small cells is much higher than that of macro only deployment scenario. Looking at CDF = 0.50 point, the gap between SNR and SINR becomes around 60dB in scenario 2B with 8 cells whereas the gap between two shows around 20dB in macro only scenario. This implies that the room for improvement by controlling interference (and thus improve SNIR) is much greater in indoor scenarios compared to outdoor scenarios and thus tight coordination may be more suitable in indoor small cell scenarios.
For scenario #2a, the comparable results seem quite reasonable since both macro and small cells are outdoor, therefore, UEs in macro only scenario and UEs served by small cells also have similar situations (e.g. indoor/outdoor, LOS/NLOS). However, for scenario #2b (dense), all small cells are indoor and their ISD (inter-site distance) is relatively small (e.g. 30 m). Furthermore, most UEs served by small cells are inside the same building with its serving small cells, and the distance between UE and its serving small cell would be much closer compared to scenario #2a. In this case, we can assume that most UEs served by small cells in scenario #2b (dense) have LOS component, which may cause increasing interference level. 
3 Effect of load balancing between macro and small cells
In the evaluation assumptions in [1], UEs are dropped in hotzone area with probability 2/3 and in overall macro geographical area with probability 1/3. In this case, we can expect that more UEs are served by small cells compared to macro cell. However, when we use current cell selection criteria (which uses RSRP for intra frequency and RSRQ for inter-frequency), the number of UEs served by small cells are much lower than 2/3. Table 1 shows the portion of UEs served by small cells in small cell deployment scenarios and RU (resource utilization) of macro cells and small cells. 
Table 1: The portion of small cell UEs and small cell RU (λ=10)
	
	Scenario #2a with 4 small cells per macro area
	Scenario #2a with 10 small cells per macro area
	Scenario #2b with 8 small cells per macro area

	Small cell UE ratio 

(Macro RU, Small cell RU)
	0.38 

(0.91, 0.14)
	0.29 

(0.95, 0.04)
	0.27
(0.95, 0.04)


According to the results, the portion of UEs served by small cells are much lower (less than 40%) than that of macro cells (more than 60%) even though UEs would be dropped in hotzone area more frequently. 
Obersvation3: Under the cell selection based on RSRP and RSRQ, the ratio of UEs served by small cell layer is much less than an half and thus the small cell RU is very low compared to that of macro cell. In other words, effective small cell data offloading is not achieved.
Since RU of macro cell is almost approaching to 95% and RU of small cells is up to 4%, it seems beneficial to carry out load balancing between macro cells and small cells to enhance overall user throughput performance. 
Small cell enhancement study (especially in scenario #2a and #2b) may include dual-connectivity between macro and small cell, so we can assume that UE can access both macro cell and small cell. In that point of view, it seems necessary to check the overall user throughput for a various quality of small cells. In this contribution, we modified cell selection criteria to make UE of which RSRQ corresponding to small cells is higher than certain threshold value to select small cell as its serving cell regardless of RSRQ corresponding to macro cells. For instance, when threshold value is -9dB, all UEs of which RSRQ corresponding to small cells is higher than -9 dB select small cells as a serving cell in our simulation. Therefore, as the value of threshold decreases, the number of UEs served by small cells is increasing. Figure 2 presents the changes in user throughput (mean, 5%, 50%, 95%) and in RU for a various values of thresholds. 
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(a) Scenario 2A with 10 small cells per macro area
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(b) Scenario 2B with 8 small cells per macro area
Figure 2: User throughput performance, RU, and the ratio of UEs served by small cells for the case where traffic load is 10
Our observations on the results related to the effect of load balancing are as follows:
Obersvation4: Overall user throughput of UEs in all area could be further improved with the lower RSRQ threshold for small cell offloading as the ratio of small cell UEs increases. Meanwhile, the difference between macro RU and small cell RU is reduced. 

Obervation5: Overall user throughput is no longer increased when the value of threshold is lower than a certain level (e.g. -5 dB) while the difference between macro RU and small cell RU is still decreasing. It is observed that there is trade-off between user throughput and offloading rate where high offloading rate may start to degrade the user throughput.
Since we dropped UEs into hotzone with probability about 2/3, we can observe that mean, 5%-tile, and 50%-tile user throughput increase as the number of UEs served by small cells approaches a certain level (e.g. ~2/3). It seems quite predictable since load balancing would make that user traffic is allocated to more resources (e.g. RB (resource block), SF (subframe)) for macro cells. However, when the number of UEs served by small cells exceeds a certain level (e.g. ~2/3), the user performances are degraded or saturated since the users with high interference level access small cells instead of macro cells.

Figure 3 shows geometry of UEs served by small cells for a various value of cell selection thresholds. 
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(a) Scenario 2A with 10 small cells per macro area
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(b) Scenario 2B with 8 small cells per macro area
Figure 3: Geometry of UE with various cell selection criteria
Obersvation6: Operating SINR would be reduced as the effect of load balancing compared to the cases where load balancing is not considered. To support efficient offloading and load balancing, small cell UEs may require operating in low SINR range or necessary ICIC should be used to improve overall geometry of UEs in small cell layer.
According to the results on Figure 2 and Figure 3, since we can achieve better user throughput with load balancing even though the operating SINR is worse than the case without load balancing, it is expected that the further improvement of the overall user throughputs by handling interferences to enhance operating SINR. 

4 Conclusion
In this contribution, we discuss interference level of small cell deployment scenario compared to macro only scenario and the effect of load balancing between macrocells and small cells in the perspective of RU (resource utilization) and user throughput. Our observations are summarized as follows:

Obersvation1: Interference level in outdoor small cells even with denser deployment compared to macro only scenario is comparable to macro only scenario. 

Observation2: Interference level in indoor small cells is much higher than that of macro only deployment scenario. Looking at CDF = 0.50 point, the gap between SNR and SINR becomes around 60dB in scenario 2B with 8 cells whereas the gap between two shows around 20dB in macro only scenario. This implies that the improvement gap by controlling interference (and thus improve SNIR) is much higher in indoor scenarios compared to outdoor scenarios and thus tight coordination may be more suitable in indoor small cell scenarios.
Obersvation3: Under the cell selection based on RSRP and RSRQ, the ratio of UEs served by small cell layer is much less than an half and thus, the small cell RU is very low compared to that of macro cell. In other words, effective small cell data offloading is not achieved.

Obersvation4: Overall user throughput of UEs in all area could be further improved with the lower RSRQ threshold for small cell offloading as the ratio of small cell UEs increases. Meanwhile, the difference between macro RU and small cell RU is reduced. 

Obervation5: Overall user throughput is no longer increased when the value of threshold is lower than a certain level (e.g. -5 dB) while the difference between macro RU and small cell RU is still decreasing. It is observed that there is trade-off between user throughput and offloading rate where high offloading rate may start to degrade the user throughput.
Obersvation6: Operating SINR would be reduced as the effect of load balancing compared to the cases where load balancing is not considered. To support efficient offloading and load balancing, small cell UEs may require operating in low SINR range or necessary ICIC should be used to improve overall geometry of UEs in small cell layer.
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6 Annex

Table 2: Simulation assumptions for system level simulation
	Parameters
	Assumptions

	Scenario
	Scenario #2a
	Scenario #2b (dense)

	Number of macro site
	7
	7

	System bandwidth per carrier
	10 MHz
	10 MHz

	Total Small cell TX Power
	30 dBm
	24 dBm

	Number of clusters/buildings per macro cell geographical area
	1
	1

	Number of small cells per cluster
	4, 10
	4, 8

	Distance-dependent path loss
	ITU model as baseline
	ITU model as baseline

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.
	A UE is an indoor UE if it is located within a hotzone building. Additionally, a UE not located within a hotzone building is classified as an indoor UE with 30% probability.

	Traffic model
	FTP Model 1 as in TR 36.814
	FTP Model 1 as in TR 36.814

	UE receiver
	MMSE-IRC
	MMSE-IRC

	Antenna configuration
	2Tx2Rx in DL, co-polarized
	2Tx2Rx in DL, co-polarized
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