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1 Introduction
In RAN WG1 meeting #72bis, it was agreed that the following candidate interference avoidance and coordination techniques for efficient small cell operation may be considered:

· Small cell on/off

· A small cell can also refer to a component carrier when more than one component carrier is available

· 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

For each of the techniques, further study including the following:

· Feasible time scale (i.e., how fast or slow the technique is applied)

· Performance analysis/gain

· Necessary enhancements of mechanism and procedure, and additional measurements to help the network decision

· Consideration on its potential impacts on other system performance, for example, coverage, increased handover and signaling, energy consumption, possible impact on IDLE mode UEs 

In this contribution, Load balancing/shifting (including cell association) will be discussed. Particularly, UE association and load shifting schemes will be analyzed. 

2 Cell association schemes and load balancing/shifting
Cell association plays an essential role in a dense network as it can change the interference profile of the network. The amount of utilized resources in each cell is a function of interference profile of the network and the amount of load that cell is carrying. On the other hand, the interference is a function of the amount of utilized resources by a cell. Therefore, to have a good user throughput, cell association criteria should be properly chosen. For a non-co-channel scenario (2a-2b), three cell association options are listed in [1] for initial evaluations, including association schemes based on full-buffer RSRQ, realistic buffer RSRQ, and RSRP UE measurements. In addition, a CRE bias or a threshold may be used to select the serving small cell/macro cell layer.
Sometimes it is desired to shift the load from one cell to another, which can increase the robustness of the network by avoiding saturation of a cell (i.e., when the number of utilized time-frequency resources reaches the maximum number of allowed resources for utilization at a time in that cell). Also, it may be of interest to balance the network load between macro and small cell nodes. For instance, it makes sense to select the small cell layer as the serving layer for most of the UEs dropped within cluster areas of the small cells. Such load balancing and shifting can be achieved via cell association. 

Association schemes based on full buffer measurements are not suitable for a bursty environment with low-medium load, as they consider the worst case interference conditions leading to poor cell/layer associations and consequently to higher interference levels. The poor layer association (macro layer is selected for too many UEs) leads to high and low resource utilizations on macro cells and small cells, respectively.  To alleviate the resource utilization imbalance, such schemes require large biases pushing more UEs towards small cells, which is due to incorrect interference level estimation in the small cell layer. 
2.1 Cell association schemes based on realistic buffer conditions

Association schemes based on realistic buffer conditions can be generally represented as a function 
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 for a UE, where the vector 
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 indicates the amount of utilized resources for each cell and the CSI corresponds to a form of long-term CSI for that UE for each cell (e.g., RSRP, RSRQ, long-term SINR, etc.). Once a UE is assigned to a cell, this new assignment will change the 
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vector (i.e., 
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 is a function of association: 
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), which may cause other UEs to perform cell selection. It is desired that the network minimizes changes in cell associations for a UE, and becomes stable quite fast after performing such cell associations. Still, the cell association should optimize throughput and network resource utilization. 
Observation 1: Fast convergence, minimal changes to the network topology, high throughput, and minimal network-wide resource utilization are desired features of cell association schemes based on realistic buffer conditions.

2.1.1 RSRQ/Long-term SINR based Cell association schemes
As mentioned above, the association function 
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 can be based on parameters such as RSRP/RSRQ/SINR. RSRQ and SINR are functions of 
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 and approximately given as:
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Where 
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 is the RSRP vector (
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 is the RSSI). 

In a dense small cell deployment with random UE dropping, elements of 
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 in small cell layer may be quite different as different number of UEs may be present close to different small cells. This may make some small cell’s 
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 quite small while making 
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for some macro and some other small cells considerably large. In order to shift (or balance) the load properly, a bias maybe needed in addition to the association function 
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. As an example, a cell-specific bias may be considered which can be a function of ur associated to that cell. This is to further punish higher ur values. In general, the bias can be a function of both serving and candidate cell parameters, for example can be a function of current and candidate cell ur values.

Association based on RSRQ, 
[image: image17.wmf])

(

RSRQ

A

is possible in existing networks, and does not require information exchange (e.g., due to 
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) between cells. However, RSRQ has a specific mix of SINR and ur, which can affect the way load shifting/balancing can be done. In addition, the RSRQ metric in the same layer is just equivalent to the RSRP metric and hence does not consider the load in intra-layer cell association. On the other hand, the SINR metric when used in cell association does not consider the candidate cell’s ur, which can lead to overloading a cell with a high ur. This in turn, can affect the throughput performance, since some UEs might be in urgent need of being served by that specific cell (e.g., some small cell edge UEs might be in need of being served by macro) which its resources already taken up. 
Proposal 1: Cell association schemes based on SINR and RSRQ with realistic buffer considerations should be considered for further study for a dense small cell deployment.
2.2 Evaluation results
This section offers preliminary evaluation results for scenario 2-a based on agreed simulation assumptions provided in part in Appendix A.
 Three different schemes (with a common bias) based on different long-term UE measurements are evaluated and compared:
1. RSRP
2. long-term SINR
3. realistic buffer RSRQ
Figure 1 compares the UPT gain of the mentioned schemes with respect to the baseline scheme of RSRP with no bias for low load condition (lambda=0.1). It is assumed that there are four small cells per cluster. As it can be seen from the figure, SINR based cell association provides a higher gain over RSRQ with optimized bias. 
[image: image19.png]80%

70%

60%

50%

40%

30%

20%

10%

0%

-10%

5%UPT 50%UPT 95%UPT 5%UPT 50%UPT 95%UPT

m -3dB bias
W 0dB bias
[ 3dB bias
M 6dB bias





Figure 1: UPT gain of RSRQ and SINR based cell association wrt. a reference RSRP cell association with 0 dB bias in a 4 pico/cluster environment and low load (lambda=0.1) condition
Figure 2 provides the utilization ratio CDF comparison between RSRQ, SINR with 0 dB bias and RSRP with 0 and 6 dB bias values. It is observed that the association schemes based on realistic buffer condition can provide a more even load distribution among base stations.
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Figure 2: resource utilization comparison of different association schemes
Figure 3 compares the UPT gain of different cell association schemes with different bias values assuming 10 small cells per cluster and a higher load condition (lambda=0.3). It can be seen that both schemes outperform the reference RSRP with 7dB bias (chosen because of its best edge performance amongst RSRP schemes with -3~7 dB bias). In addition, comparing RSRQ and SINR based cell association schemes with proper bias values, the former shows moderately better cell-edge performance while the latter provides higher 50% and 95% UPT and better balanced overall performance. 
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Figure 3: UPT gain of RSRQ and SINR based cell association wrt. a reference RSRP cell association with 7 dB bias in a 10 pico/cluster environment and low load (lambda=0.3) condition
Figure 4 investigates the impact of cell association in a small cell deployment with more network adaptation capability: small cell on/off or carrier selection. In particular, 5% UPT gain of SINR association with respect to RSRQ association has been compared when the best bias value is chosen for each association scheme. The left hand side of the figure shows how choosing an association scheme with a proper bias can increase the UPT gain in a scenario where small cells are capable of doing static or dynamic on-off. The right hand side considers a small cell deployment wherein small cells have two component carriers and the macro layer has one carrier. Please refer to the companion paper [2] for details. The static carrier selection allows a small cell to choose one carrier at cell association time whereas the dynamic carrier selection lets the small cells to transmit on one or both carriers dynamically based on packet arrivals.
Observation 2: With proper bias, cell association based on long term SINR can lead to a higher UPT performance than RSRQ based cell association.
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Figure 4: Gain of long term SINR-based association over RSRQ-based association for on/off adaptation (left side) and carrier selection (right side)
3 Conclusion
This contribution discussed cell association mechanisms for a dense network and contained preliminary evaluation results. The following are proposed / observed:
Proposal 1: Cell association schemes based on long term SINR and RSRQ with realistic buffer considerations should be considered for further study for a dense small cell deployment.
Observation 1: Fast convergence, minimal changes to the network topology, high throughput, and minimal network-wide resource utilization are desired features of cell association schemes based on realistic buffer conditions.

Observation 2: With proper bias, cell association based on long term SINR can lead to a higher UPT performance than RSRQ based cell association.
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Appendix A
Table 1. Simulation assumptions
	Layout
	Scenario #2a
Macro 7*3
Small cell: Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth per carrier
	Macro: 10MHz, small cell:10MHz

	Carrier frequency 
	Macro: 2.0GHz, small cell: 3.5GHz; small cell may have 1 or 2 carriers

	Carrier number
	Macro: 1, small cell: 1 

	Total BS TX power (Ptotal per carrier)
	Macro: 46dBm, small cell: 30dBm

	Antenna configuration
	2Tx2Rx

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	4 or 10

	Number of UEs 
	30 UEs per macro sector area

	Traffic model
	FTP model 3, with lambda = 0.1 or 0.3

	UE dropping
	Baseline: 1/3 UEs per macro cell, randomly and uniformly dropped in macro geographical area, 2/3 UEs randomly and uniformly dropped within the clusters. 

	Cell selection criteria
	RSRP, RSRQ and SINR based on realistic traffic
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