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Discussion
1.
Introduction
The study on Small Cell enhancements has discussed the potential for significant reduction of interference from small cells considering the large densification of such cells and the low utilization ratio. One method to decrease the interference in the Small Cell layer is to use Small Cell on/off (i.e. Cell DTX).  At RAN1 #73, the following was concluded:
· Further study the following mechanisms in evaluations for RAN1#74

· UL/DL signal and measurement enhancements for network adaptation decision making

· Enhancements for cell association and load balancing/shifting

· Signaling (e.g. RRC) to inform UE the network adaptation

· Mechanisms to cope with or avoid disruptive interference/measurement jumps due to network adaptation

· Backhaul signaling and coordination enhancements.

In a previous paper [1], we have shown the performance of biased RSRQ-based cell association to ensure offloading gains within a Small Cell Scenario 2a type deployment.

In this paper we study the performance of an enhanced cell association metric.  Such a metric may be used to limit the number of active Small Cells and thus reduce the over-all interference landscape.  Our results show gains for both mean UE throughput and cell-edge UE throughput.  To enable this enhanced cell association that allows for Small Cell on/off switching, we propose to consider a new type of measurements.
2
Discussion 
One of the main expected benefits of Scenario 2a type deployments is the offloading of UEs from the Macro cell to cells in the dense Small Cell layer.  Such a Small Cell layer will not create interference to Macro UEs and its density can ensure that each Small Cell is relatively lightly loaded.  
On the other hand, the interference landscape in the Small Cell layer may be challenging.  This interference can manifest itself in two ways:

CRS Interference: There may be a high level of CRS interference in the Small Cell layer.  Such interference is inevitable even in a lightly loaded non-full buffer scenario.  Using current Scenario 2a simulation assumptions, there may be such a high density of Small Cells that it is likely that at any given moment, multiple Small Cells will not have any downlink transmissions.  However, all Small Cells, including those without active downlink transmissions, are expected to transmit PSS/SSS, PBCH and CRS.  In our companion paper [2] we further discuss methods to reduce CRS interference in the Small Cell layer.

PDCCH and PDSCH Interference: The Small Cell layer may be highly dense and deployed in an uncoordinated manner, and thus there may be some coverage overlap.  This means that a Small Cell UE may experience high RSRP from multiple Small Cells.  Therefore downlink signals transmitted by neighboring cells and intended for other UEs may interfere with the first UE.

2.1 
Enhanced Cell Association
Using RSRP or RSRQ type cell association does not take advantage of knowledge of the causes of interference in dense and uncoordinated Small Cell deployments.  It was shown [1] that using a biased RSRQ in combination with Small Cell on/off leads to some throughput gains by firstly ensuring there is proper offloading of UEs to the Small Cell layer and secondly limiting unnecessary CRS interference.  It may seem counter-intuitive to push UEs to the Small Cell layer where it experiences lower RSRQ; however the lightly loaded Small Cells can provide greater scheduling resources.
One of the main drawbacks of RSRQ is that any interference (RSSI) considered in the RSRQ includes the contribution of the potential serving cell.  For intra-frequency cell association, this reduces the measurement to an equivalent of the RSRP.  In a coordinated deployment with approximately even cell coverage and cell loading, using RSRP for cell association may result in close-to-optimal performance in terms of UE throughput.  However this may not be the case for a densely deployed Small Cell layer with relatively low resource utilization, as in this case the best cell from SINR perspective has a higher likelihood of being different from the cell that has the maximum RSRP.

The two factors that affect a UE’s throughput are the SINR and the available resources.  Using RSRQ can be a proxy of the SINR at low SINR, however at high SINR, that relationship fails [3].  Therefore, the direct use of SINR for cell association has been discussed in [4].  SINR can be defined as the ratio of the desired signal power (for example, RSRP) from a cell to the interference+noise that a UE would face if served by that cell.  Therefore, each SINR for different cells should consider a different interference+noise value.
Doing cell association solely based on SINR will likely lead to a small group of Small Cells accumulating all the UEs.  This is because, UEs are likely to detect multiple Small Cells with similar desired signal powers.  Addtionally, at the moment of cell association, cells already loaded with some UEs will experience less interference than their neighbor (and likely unloaded) cells, which will result in the UE favoring the already loaded cell.  Such a solution may help mitigate the interference problem of the Small Cell layer, but may not lead to any throughput gains due to a lack of scheduling resources.
Considering the above, the network could utilize a metric for cell association that takes into account both the expected SINR in a candidate target cell and its current utilization. In the following, we investigate the performance of a simple strategy which consists of selecting the cell that maximizes the expected throughput of the UE assuming that the resources in the cell would be equally shared with UE’s already using the cell (not attempting to globally optimize the throughput of all existing UE’s). With such strategy, the selected cell is the one that maximizes a metric such as:
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 is a function of the SINR to estimate wideband throughput assuming a UE is provided all scheduling resources.
This algorithm determines the best cell as a function of the desired signal power and expected interference to a UE while considering the likely amount of available resources for that UE.  Note that the latter is relevant especially in dense and uncoordinated deployments, given that a UE may encounter multiple cells with similar SINR.  The two factors used in the enhanced cell association act in opposing manner and thus ensure a stable cell association.  The numerator tends to group UEs in the same Small Cells, whereas the denominator tends to spread UEs to different Small Cells.
Another effect of this enhanced cell association is that a UE may not necessarily be associated with the cell from which it has greatest RSRP.  This may impose more stringent performance requirements for the detectability of small cells, as discussed in [5].
Requirements for Enhanced Cell Association
To achieve enhanced cell association, UEs needs to be able to feedback appropriate channel measurements.  Such channel measurements can indicate two things, first the desired signal power (such as RSRP) as well as the interference the UE would face if it were to be associated to such a cell.  The network may attempt to estimate the interference a UE would face by subtracting a scaled version of the RSRP from the denominator of the RSRQ.  However, such a method does not consider the true effect of the serving cell’s interference on the RSSI measured by a UE, which is a function of traffic load at the serving cell as well as precoding.  Furthermore, network methods may be insufficient given that they may not properly estimate the effect of turning on a previously off Small Cell.
Another method to support enhanced cell association is to configure a UE to report multiple higher layer SINR measurements.  This can be equivalently done by configuring a UE to report multiple higher layer interference measurements.  In such a scenario, a UE can be configured with possibly different interference measurement resources for each cell. This mechanism could also allow a UE to report a measurement that takes into account the interference that would be generated by a currently inactive Small Cell when reactivated, if the inactive Small cell transmits a signal during the interference measurement resource used by the UE.

Proposal: RAN1 should consider new measurement types based on measuring on interference measurement resources (e.g. CSI-IM) for the purpose of enhanced cell association in Small Cell deployments.
3
Simulation Results
We provide simulation results comparing different cell association methods for Small Cell Scenario 2a.  We use Non-Full Buffer FTP Model 3, however cell association occurs only upon a UE being scheduled a first file.  This ensures that realistic interference is present for cell association.  Static cell association is assumed, meaning that even upon being scheduled a second file, a UE remains associated to the cell it was associated to for its first file.  The remaining simulation assumptions are detailed in the appendix.
As a first cell association step, a comparison of the best Macro Cell SINR to the best Small Cell SINR is performed.  In order to ensure a proper level of offloading to the Small Cell layer, biasing away from the Macro Cell may be used.  Next for Small Cell UEs, we use the enhanced cell association metric described in the previous section with 
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In Table 1 we provide results for enhanced cell association (ECA) with different Macro Cell bias values.  We compare the results to a baseline using RSRQ with optimal bias (as obtained in [1]).  The results in Table 1 are for the case where all Small Cells are always transmitting CRS.
Table 1: Enhanced cell association
	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
	6 dB bias
	22.88
	30.87
	21.66
	9.21
	12.38
	8.81
	15.2

	ECA
	3 dB bias
	22.97
(0.39%)
	18.23
(-41.0%)
	25.79
(19.1%)
	7.17
(-22.1%)
	5.43
(-56.1%)
	11.22
(27.4%)
	38.7

	
	6 dB bias
	24.62
(7.60%)
	24.97
(-19.1%)
	24.47
(13.0%)
	10.35
(12.4%)
	10.42
(-15.8%)
	10.28
(16.7%)
	32.4

	
	9 dB bias
	24.88
(8.74%)
	29.88
(-3.21%)
	23.29
(7.53%)
	9.36
(1.63%)
	14.44
(16.6%)
	9.19
(4.31%)
	25.7

	
	12 dB bias
	24.13
(5.46)
	36.10
(16.9%)
	21.78
(0.55%)
	9.16
(-0.54%)
	21.31
(72.1%)
	8.82
(0.11%)
	18.3


The results show that using enhanced cell association with an appropriate bias from the Macro Cell layer to the Small Cell layer can lead to gains in both mean user throughput and cell edge user throughput.  Depending on whether one wishes to optimize the mean user throughput or the cell edge user throughput, a bias value of 6 or 9 dB is required.
One way that the results could be further improved is with more dynamic UE cell association.  For example, whenever a new UE enters the system (or a UE is given a first file to download), it may make sense to look at the cell association of previously active UEs, given that the interference landscape could change.  Such load shifting could ensure that UEs are always associated with the cell that maximizes the metric and not only to the cell that maximized the metric at one point in time.

In Fig. 1 we compare the number of active Small Cells at each TTI for the baseline scenario as well as the enhanced cell association with 6 dB.  An active Small Cell is defined as one that has at least one file currently being downloaded.  It can be easily seen that for the same load, the baseline scenario requires more Small Cells to be actively transmitting. Over the time period, the baseline scenario averages 37.8 Small Cells to be active, whereas the enhanced cell association requires 26.9 active Small Cells.  From this we can conclude that a reduction in CRS brought on by On/Off switching or NCT would lead to further performance gains given that Small Cell UEs would encounter less interference and could use a higher MCS.
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Figure 1: Number of active Small Cells
4
Conclusions and Recommendations

In this contribution we discuss the main motivating factors behind enhancing cell association for dense and uncoordinated Small Cell deployments.  Through simulation results we show that we can obtain a gain in both mean user throughput and cell edge user throughput when using a cell association metric that considers the interference experienced by UEs in each specific cell.  In order to support such enhanced cell association, we have the following proposal:
Proposal: RAN1 should consider new measurement types based on measuring on interference measurement resources (e.g. CSI-IM) for the purpose of enhanced cell association in Small Cell deployments.
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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
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