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Discussion
1.
Introduction
Multiple scenarios have been selected to help study potential benefits of enhancing Small cells.  Such scenarios have been detailed in [1].  In this contribution we focus our study on Small cell scenario 2a.  This scenario assumes non co-channel Macro and Small cell layers.

At RAN1 #72 an offline discussion was held to determine whether RSRP or RSRQ with or without realistic buffer assumptions should be used to determine UE association [2].
In this contribution we study the effect of using RSRQ with realistic buffer assumptions with different RSRQ biases to optimize load balancing between Macro and Small cell layers. Furthermore we provide simulation results for the case where unloaded cells transmit no CRS and are effectively dormant.
2
Discussion
Simulations assumptions have been finalized for the study of Small cell enhancements. In this contribution we study Small cell scenario 2a which considers a non co-channel Small cell layer with outdoor Small cells. Such a deployment scenario may be beneficial for the performance of the over-all Macro area by offloading traffic to the Small cell layer.  Unlike in previous HetNet studies, such offloading has the added benefit of reducing interference levels in the Macro cell layer. Furthermore, the Small cell layer should be dense enough that we may assume very few UEs per Small cell.  Therefore in a NFB scenario, each UE may be scheduled with large amounts of resources and thus should require less time for downloading files. This should lead to further reduction in interference, at least in terms of interference caused by downlink transmission to one UE. On the other hand, the cost of such Small cell densification and clustering is an increase of interference at the UE due to the likelihood of having multiple nearby Small cells, each with possible DL transmissions scheduled simultaneously.
Nevertheless, a first step in obtaining throughput gains in a network with Macro and Small cells, remains offloading UEs to the Small cell layer. This is especially true if mechanisms to reduce interference in the Small cell layer are accepted.

At RAN1#72bis, the mechanism by which cell association of UEs is performed was discussed.  In [2] it is stated that RSRQ measurements with realistic buffer assumption are encouraged.  The issue with using RSRP as a cell association mechanism is that it may unfairly skew UE cell association to Small cells, even though some UEs could benefit from the possible lower interference experienced on the Macro cell layer.
Some contributions [5-6] discuss the use of RSRQ cell association to take into account the different interference levels of each layer.  One issue that arises when using RSRQ in simulations is how to determine the initial interference level that should be assumed – full buffer interference or realistic interference. Using full buffer interference can be done easily in a simulation, however it does not represent a realistic measurement that a UE may make. Furthermore, the simulation results can be impacted given that full buffer assumption skews UE cell association too strongly towards the Macro cell and may reduce any possible gain from using a highly dense Small cell layer.
RSRQ cell association with realistic buffer assumption
In order to more fairly perform UE cell association, RSRQ with realistic buffer assumption should be used. In FTP Model 3, UEs are always present, regardless of if they have an ongoing file transfer, and may have multiple files generated during a simulation run.  The RSRQ based cell association should only be performed at the moment that each UE is assigned its first file download and therefore only take into account the interference present at that moment.  To remove possible handover requirements, the cell association remains constant for every UE throughout the simulation, regardless of the interference landscape at the moment a UE is assigned a subsequent file transfer.

For FTP model 3, after a transient period, the overall interference landscape should stabilize and RSRQ based cell association with realistic buffer assumption will perform adequately.
When measuring the over-all interference in a layer, we should also consider CRS interference.  As such, even non-loaded cells contribute to the overall interference landscape as measured when a UE is assigned its first file to download. This is especially critical to the behavior of cell association early in a NFB simulation. Alternatively, we may assume that the Small cell layer uses cell DTX (e.g. Dormant cell concept) when it is unloaded, whereby it does not transmit CRS. Therefore, CRS from non-loaded cells using DTX should not be considered when determining the RSRQ. For such operation it is possible that new discovery mechanisms would be required. This is further discussed in our companion paper [7].
3
Simulation results
In [5-6] simulations using RSRQ cell association showed that many UEs end up operating in the Macro cell, mostly by virtue of the lower interference landscape.  It is undesirable to have such a situation given that gains that can possibly arise from offloading UEs to the Small cell layer may be negated.  Furthermore, in the simulation assumptions, it has been accepted that UE dropping would be non-uniform and would lead to more UEs dropped within a cluster a Small cells.  Therefore, it is possible that cell association based on RSRQ would lead to UEs being served by cells that don’t have the highest desired signal power.

Throughput is not only a function of the SINR of a layer, but also a function of available resources.  It is therefore possible that even though in a Small cell layer a UE would experience greater interference, it may also be allocated greater resources given that there are few UEs per Small cell, and thus may achieve higher throughput.  Additionally, new mechanisms to handle the increase in interference in a Small cell layer may make the high interference issue moot.

Therefore, it may be unfair to solely use RSRQ measurements without bias for UE cell association.  In Table 1, we provide throughput performance for UE cell association using RSRQ with realistic buffer assumptions and different biases between the Macro and Small cell layers. Small cell scenario 2a is studied, with 1 cluster of 10 Small cells per Macro area. Non-Full Buffer FTP model 3 is used with 30 UEs per Macro area. Upon being assigned a first file, the biased cell association occurs for a UE and remains unchanged for the entirety of the simulation even if a UE is assigned subsequent file transfers. The remaining simulation assumptions are detailed in the appendix. 
Table 1: Realistic RSRQ based cell association with biasing.
	Simulation Case
	Mean User Throughput (Mbps)
	5%-ile Cell Edge Throughput (Mbps)
	%-age Macro UEs

	
	All UEs
	Macro UEs
	Pico UEs
	All UEs
	Macro UEs
	Pico UEs
	

	Baseline with CRS
	0 dB bias
	22.81
	18.72
	24.56
	8.49
	6.42
	10.17
	31.4

	
	3 dB bias
	23.26
(+2.0%)
	24.91
(+33.1%)
	22.85
(-7.0%)
	9.20
(+8.4%)
	8.22
(+28.0%)
	9.37
(-7.9%)
	21.7

	
	6 dB bias
	22.88

(+0.31%)
	30.87

(+64.9%)
	21.66

(-11.8%)
	9.21

(+8.48%)
	12.38

(92.8%)
	8.81

(-13.4%)
	15.2

	
	12 dB bias
	19.16

(-16.0%)
	42.88

(+129.1%)
	19.04

(-22.5%)
	6.84

(-19.4%)
	40.94

(+537.7%)
	6.84

(-32.7%)
	2.7


The results show that using a biased RSRQ cell association can lead to an increase in throughput. A 6dB bias leads to about 85% of UEs being served by a Small cell. The increase in interference in the Small cell layer leads to a reduction of both mean user throughput and cell edge throughput for Small cell UEs. However, that loss is offset by the gain in performance for Macro UEs. This leads to an overall gain in cell edge UEs of 8.48%. Increasing the bias to 12 dB leads to very few Macro UEs. This is reflected for example in the Macro UE cell edge performance. Such a high bias goes beyond offloading gains and the performance is reduced as throughput is dominated by the highly interfered Small cell layer.

These results may be further improved by using cell DTX for unloaded Small cells, thus reducing the interference. In Table 2, the results show that greater gains (when compared to 0 dB bias of respective case) can be obtained at all bias values for all cell edge UEs when no CRS is transmitted from unloaded Small cells (for example at 3dB bias: 19.5% gain versus 8.4% for baseline with CRS). For the case without CRS, and for equal bias, more UEs are associated with the Small cell layer when compared to baseline with CRS. Furthermore, at equal bias, using cell DTX leads to gains over using baseline with CRS, for both mean user throughput and cell edge throughput. For example, at 0dB bias, the mean UE throughput of cell DTX shows a gain of 25.5% (28.62 Mbps versus 22.81 Mbps). At cell edge, also at 0 dB bias, the gain of cell DTX versus baseline with CRS is 15.2% (9.78 Mbps versus 8.49 Mbps).

Table 2: Realistic RSRQ based cell association with biasing and cell DTX
	Simulation Case
	Mean User Throughput (Mbps)
	5%-ile Cell Edge Throughput (Mbps)
	%-age Macro UEs

	
	All UEs
	Macro UEs
	Pico UEs
	All UEs
	Macro UEs
	Pico UEs
	

	Cell DTX (no CRS)
	0 dB bias
	28.62
	23.56
	29.60
	9.78
	8.08
	10.46
	18.1

	
	3 dB bias
	29.07
(+1.6%)
	27.83
(+18.1%)
	29.26
(-1.2%)
	11.69
(+19.5%)
	11.16
(+38.1%)
	12.18
(+16.4%)
	15.2

	
	6 dB bias
	28.50
(-0.4%)
	35.29
(+49.8%)
	27.85
(-5.9%)
	11.44
(+17.0%)
	20.70
(+156.2%)
	11.37
(+8.7%)
	10.8

	
	12 dB bias
	25.35
(-11.4%)
	46.0
(+95.3%)
	25.32
(-14.5%)
	9.26
(-5.3%)
	46.0
(+469.3%)
	9.26
(-11.5%)
	2.4


To further improive performance, enhanced cell association could be used in the Small cell layer by reducing the propensity of the network to create interference for many UEs for the benefit of few UEs.
4
Conclusions and Recommendations

In this contribution we discuss the effect of using RSRQ cell association with realistic buffer assumptions.  We detail how such cell association should be done for FTP Model 3. Furthermore, we provide simulation results that show biasing the RSRQ cell association benefits over-all throughput given that it ensures some offloading of UEs to the Small cell layer occurs, even though there may be higher interference in the Small cell layer.  The results also show that using cell DTX, whereby unloaded cells don’t transmit CRS, leads to further gains.
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Appendix A

Table 3: Summary of system-level simulation assumptions
	Parameter
	Values used for evaluation

	Deployment
	Scenario 2a
1 cluster per macro area, 10 small cells per cluster

	Number of UEs
	30, 80% dropped indoors

	Simulation duration
	10000 TTI

	Tx power setting
	Macro cell: 46 dBm
LPN/Pico: 30 dBm

	System bandwidth
	10 MHz 

	Antenna configuration
	2x2x2 Xpol

	Antenna Pattern
	Macro cell: 3D

LPN/Pico: 2D

	Feedback scheme
	PMI/CQI per cell/Tx point

Feedback periodicity: 10ms

Feedback delay: 6ms

	Channel estimation
	Ideal

	CRS interference
	White noise, power averaged per RB

	UE Receiver
	MMSE-IRC

	Traffic Model
	NFB FTP Model 3
Packet arrival rate per UE: (=1/3 

	Link adaptation
	Realistic

	Handover Margin
	0 dB

	DL transmission scheme
	SU-MIMO rank 2


