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1 Introduction

In RAN1#72bis meeting, candidate techniques for further study on ICIC in small cell scenarios are discussed and listed as follows
· Small cell on/off

· Enhanced power control/adaptation (for both downlink and uplink)
· Enhancement of frequency domain power control (e.g., RNTP) and/or ABS to multi-cell scenarios, including consideration of EPDCCH

· Load balancing/shifting (including cell association) 

· Coordinated scheduling and beamforming with non-ideal backhaul
Furthermore, the detailed method of cell association on small cell operation was discussed and confirmed to use the agreed simulation assumptions (i.e. RSRQ based on actual cell loading) for UE measurement for cell association for non co-channel as in [1]. 
In this contribution, we provide our observations on evaluation results for small cell operation and discuss the effects of load balancing/shifting (including cell association) between macro cell layer and small cell layer in the perspective of RU (resource utilization), ratio of UEs served by small cells, and user packet throughput. The detailed simulation assumptions are defined in appendix A.
2 Cell association method and load balancing/shifting
In the evaluation assumptions on SCE SI, 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 scenarios #2a/#2b. Since it is expected that offloading percentage to small cell layer (i.e., small cell UE percentage) is tightly related to the overall system performance, cell association mechanism can be a key factor in evaluation. For better understanding, we fist analyze the behavior of cell association with full buffer and realistic buffer assumption for RSRQ. 
Table 1 presents the comparison between two optoins in terms of the ratio of UEs served by small cells, macro layer RU, and small cell layer RU under scenario #2a with 10 small cells per macro geographical area. As shown in Table 1, the ratio of UEs served by small cells for realistic buffer case is much higher than that of full buffer case. Moreover, the differecne between RU for macro cell layer and RU for small cell layer in realstic buffer case is much lower compared to full buffer case. 
Table 1: Small cell UE ratio and RU under various assumptions on RSRQ measurement (Arrival rate = 10)
	
	Small cell UE ratio
	Macro cell layer RU
	Small cell layer RU

	Full buffer
	0.29
	0.95
	0.04

	Realistic buffer
	0.74
	0.55
	0.18


In realistic buffer case, as the amount of traffic load of macro layer increases, the value of RSRQ measurement of UE would decrease simultaneously due to the increased data interference from other macro cells. As a result, more UEs would select small cell as its serving cell when a certain level of traffic load occurs in macro cell layer compared to full buffer case. Our observation on the evaluation result realted to RSRQ measurement is as follows:
Obersvation1: It seems that the realistic buffer assumptions for RSRQ measurement can achieve the effect of load balancing/shifting between macro cell layer and small cell layer.
As mentioned earlier in our previous contribution [2], 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 simultaneously. In that point of view, it seems necessary to check the overall user throughput for a various quality of small cells even though cell association method based on realistic buffer state could achieve the effect of load balancing without additional load balancing/shifting technique. 
Proposal1: It is necessary to check the overall user throughput for a various quality (e.g. RSRQ) of small cells to support dual-connectivity scenario. 
In this contribution, we employ load balancing/shifting technique introduced in [1], so called RSRQ threshold scheme. In this scheme, UE would select small cell as its serving cell only if RSRQ corresponding to small cell is larger than a certain threshold value. Otherwise, UE would select macro cell as its serving cell. Figure 1 shows evaluation results of load balancing/shifting technique with RSRQ thresholds under scenario #2a with 10 small cells per macro geographical area and various arrival rates. 
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(a) RSRQ threshold vs Avg. UPT                               (b) Small cell UE ratio vs Avg. UPT
Figure 1: Example of load balancing/shifting effect of RSRQ threshold scheme under scenario #2a with 10 small cells per macro geographical area 
In Figure 1(a), we can observe that the average user packet throughput for a variety of small cell quality. Moreover, as shown in Figure 1(b), we observed that the values of the ratio of UEs served by small cells when user packet throughput is maximized are similar for a variety of arrival rates. In this example, the values are around 0.72. 
Obersvation2: User packet throughput could be further improved as the ratio of UEs served by small cells is closed to a certain value by using load balancing/shifting techniques.
3 ICIC schemes and load balancing/shifting
In SCE SI, the target scenario includes dense deployment of small cells within a certain area (so called hotzone area). Therefore, it is expected that the interference among small cells may be dominant to determine system performance. In RAN1#72bis meeting, a lot of candidate techniques for further study on ICIC in small cell scenarios are discussed, and it would be necessary to evaluate each ICIC scheme to compare their performance one another. 
Since ICIC scheme would adjust interference level between small cells, RSRQ measurement based on realistic buffer would be dependent on ICIC scheme. For instance, CRS (or TRS) is transmitted in every 5msec in NCT while CRS is transmitted in every subframe in BCT (backward-compatible carrier type). In this case, CRS (or TRS) interference in NCT would be 5 times lower compared to BCT. As a result, the level of load balancing between macro cell layer and small cell layer could be different for various ICIC schemes as shown in Table 2. Table 2 compares the ratio of UEs served by small cells, RU in macro cell layer, RU in small cell layer, and average user packet throughput for BCT and some ICIC schemes.  In case of dynamic cell on/off scheme, it seems unclear how UE measure RSRQ and select its serving cell. To bypass this ambiguity problem, in this contribution, we assume that interference environment when UE measure RSRQ in dynamic cell on/off case is the same with either BCT or NCT. The detailed mechanism of each ICIC scheme would be introduced in [3]. 
Table 2: Small cell UE ratio and RU for various ICIC schemes
	
	Small cell UE ratio
	Macro layer RU
	Small cell layer RU
	Average user packet throughput [kbps]

	BCT
	0.72
	0.62
	0.16
	20,923

	NCT
	0.87
	0.23
	0.18
	28,780

	Dynamic Cell On/Off (BCT Cell association)
	0.72
	0.6
	0.11
	30,091

	Dynamic Cell On/Off (NCT Cell association)
	0.87
	0.24
	0.18
	28,399

	Cell off in subframe n=PCID%2
	0.81
	0.38
	0.14
	15,341

	Cell off in subframe n=PCID%4
	0.75
	0.52
	0.16
	17,993


According to the results, when ICIC scheme is adopted, the ratio of UEs served by small cells is in general increasing. It seems predictable since ICIC on small cell layer would make the overall value of RSRQ corresponding to small cell increased. 
In Table 2, User packet throughput may depend on not only the effect of ICIC, but also the level of load balancing between macro cell layer and small cell layer. In other words, it would be difficult to determine the gain or loss in user packet throughput of a certain ICIC scheme is caused by the effect of ICIC or load balancing. 
Obersvation3: The ratio of UEs served by small cells is dependent on the adopted ICIC scheme for small cells. Therefore, user packet throughput also depends on not only the effect of ICIC, but also the level of load balancing between macro cell layer and small cell layer.
As mentioned earlier in section 2, load balancing/shifting techniques (e.g. RSRQ threshold) could be adopted in addition to ICIC scheme to achieve the effect of load balancing between macro cell layer and small cell layer. In this case, we can assume that the purpose of adopting ICIC scheme on small cell scenarios would be to reduce interference between small cells. In that point of view, it seems unfair to compare ICIC schemes with different ratio of UEs served by small cells. 
Proposal2: For fair comparison between ICIC schemes on small cells, it is necessary to investigate on evaluation method to compare only ICIC effect of ICIC schemes. 
When load balancing/shifting technique is adopted in addition to ICIC scheme, the ratio of UEs served by small cells would be adjustable even though the ratios of UEs served by small cells are different according to ICIC schemes as shown in Table 2. In this contribution, we evaluate ICIC schemes with various RSRQ thresholds to check overall user packet throughput with various quality of small cells. Figure 2 shows average user packet throughput of BCT, NCT, and other ICIC schemes for a variety of the ratios of UEs served by small cells under scenario #2a with 10 small cells per macro geographical area and arrival rate=10. According to the results shown in Figure 2, we observed that user packet throughput could be further improved by employing load balancing technique in addition to ICIC schemes. Moreover, the user packet throughput would be maximized at the similar point of the ratio of UEs served by small cells as in Figure 1(b). In this example, the value of the ratio of UEs served by small cells when the user packet throughput is maximized is about 0.72. 
Obersvation4: User packet throughput for various ICIC schemes could be further improved by adopting load balancing/shifting techniques additionally.
[image: image3.png]Avg. UE Tput (kbps)

35000

30000

25000

20000

15000

10000

5000

0.3

0.5 0.7

Small Cell UE ratio (%)

0.9

—S—BcT

—+NCT

= Dynamic Cell On/Off
(LCT cell Association)
— Dynamic Cell On/Off
(NCT cell Association)
—®— Cell Off in SF PCID%2

—+ Cell Off in SF PCID%4





Figure 2: Evaluation results of ICIC schemes with load balancing/shifting technique
So far, we have shown that the amount of overall user throughput enhancement by offloading to small cell layer is closely tied with interference control techniques and also the percentage of small cell UEs (and indirectly macro and small cell RUs). It has been shown that a simple and effective approach to control the load balancing between macro and small cell layer is to change the RSRQ threshold used for determining effective quality of small cell layer for data offloading. 

In terms of cell association with a small cell, three cases can be considered and how RSRQ threshold can be used in each case is shown as follows:

(1) Initial access to small cell (stand-alone small cell layer): RRC_Idle UE can be associated with macro layer with higher priority. To allow UE to differentiate between macro and small cell at cell selection phase, indication of cell type can be considered.
(2) Cell reselection (RRC_Connected UE): according to current cell reselection mechanism, RSRQ (with offset) comparison between neighbour cell and serving cell would be a metric to make hand-over decision. To allow load balancing, at least for low mobility UEs, small cell layer may be configured with higher priority and a UE can be hand-over to small cell layer if a UE finds appropriate cell exceeding a certain RSRQ threshold. 

(3) Dual connectivity (RRC_Connected UE): RSRQ threshold based cell association can be effective in dual connectivity scenario where a UE is first associated with macro layer with higher priority. When a UE needs data offloading, RSRQ threshold based cell search on small cell layer can be used and necessary configuration of dual connectivity can be established.

Proposal3: Load balancing between macro and small cell layer by using a mechanism such as RSRQ threshold based cell association should be considered for efficient small cell data offloading and operation.  
4 Conclusion
In this contribution, we discuss RSRQ measurement assumptions for cell association in terms of the ratio of UEs served by small cells, RU, and user packet throughput and the relation between ICIC scheme and the effect of load balancing/shifting between macro cell layer and small cell layer. Our proposals are summarized as follows:

Proposal1: It is necessary to check the overall user throughput for a various quality (e.g. RSRQ) of small cells to support dual-connectivity scenario. 
Proposal2: For fair comparison between ICIC schemes on small cells, it is necessary to investigate on evaluation method to compare only ICIC effect of ICIC schemes. 
Proposal3: Load balancing between macro and small cell layer by using a mechanism such as RSRQ threshold based cell association should be considered for efficient small cell data offloading and operation.  
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Appendix A
Table 3: Simulation assumptions for system level simulation
	Parameters
	Assumptions

	Scenario
	Scenario #2a

	Number of macro site
	7

	System bandwidth per carrier
	10 MHz

	Total Small cell TX Power
	30 dBm

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	10

	Distance-dependent path loss
	ITU model as baseline

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.

	Cell association
	Based on realistic RSRQ, 

RSRQ threshold = {0, -1, -2, -3, -4, -5, -6, -8, -10, -11, -12, -15}

	Scheduling
	PF

	Traffic model
	FTP Model 1 as in TR 36.814

	Arrival rate
	5, 10, 15

	UE receiver
	MMSE-IRC

	Antenna configuration
	2Tx2Rx in DL, cross-polarized
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