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1. Introduction

Due to high deployment density of small cells within a cluster, severe and diversified interference condition is observed within a small cell cluster from the simulation results for scenario 1, 2a and 2b.  In 3GPP RAN1 Session #73, RAN1 has concluded that idealized dynamic small cell on/off can provide significant UPT gain and further discussion on how to support small cell on/off continues.  In addition to small cell interference mitigation schemes, small cell load balancing is also an important perspective to further enhance UPT.  Due to small coverage size of a small cell and high deployment density of small cells, it’s expected that the cell loading of different small cells may vary largely and thus some of UEs may experience low user throughput due to heavy loading of the serving small cell.  In last meeting, RAN1 has agreed to further study the issue of load balancing between small cells with the following agreements.
· Next steps for RAN1#74:

· Evaluate low, medium and high load levels: 20, 40, 60% respectively average resource utilisation across all cells in the most loaded layer in the reference scheme

· Further evaluations may be performed to raise the resource utilisation to these levels after load-balancing 

· Further study on load balancing techniques between small cells 

· Focus on identifying any aspects that have standards impact

· Identify the measurements on which any proposed load balancing technique is based 

The evaluation results of different cell association schemes may also impact the design considerations of small cell discovery scheme because UE may need to discover weaker small cells for association.  In this document, issues in current cell association scheme are discussed and simulation results of four different load balancing/shifting schemes (including cell association) are provided for comparison and discussion.
2. Load balancing between small cells
Cell association plays an important role in small cell scenarios as it can help UE to find the best cell for association and thus improves user experience. According to 3GPP RAN1 discussion, it has concluded that there is no additional specification change needed for load balancing between macrocell and small cells. However, it’s still not clear whether specification changes are needed for load balancing between small cells. Issues of applying current cell association scheme in small cells are first discussed and simulation results of four different cell association schemes are provided for performance comparison.
2.1. Issues in current cell association scheme

Figure 1 shows the distribution of resource utilization associated with RSRQ for FTP traffic with different traffic load levels.  It is observed that the distribution of resource utilization (RU) spreads in a large RU value range from 0 to 1 and there are a certain portion of UEs associated to a cell with RU higher than 0.8.  It means that the cell loading between small cells is very unbalanced and some UEs associate to a cell with very limited bandwidth when the cell association mechanism based on RSRP/RSRQ is applied.  This is because RSRP/RSRQ can’t reflect the cell loading information.  In the deployment of macrocell only, cell association mechanism based on RSRP/RSRQ works well because its cell coverage is large enough to include sufficient number of UEs to minimize the impact of cell loading unbalance.  However, for HetNet deployment, it’s not true anymore, especially when the user distribution is non-uniform within a macro-geographical area.
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Figure 1. Distribution of resource utilization associated with RSRQ for FTP traffic with λ = 6, 10, 15
Observation #1: Cell loading between small cells is significantly unbalanced when cell association mechanism based on RSRP/RSRQ is applied.
Observation #2: A certain portion of UEs are associated to small cells with resource utilization rate higher than 0.8.  
Proposal #1: At least for SCE scenario 2a, existing cell association scheme based on RSRP/RSRQ for small cell load balancing is not sufficient.
2.2. Cell association schemes for comparison
For the evaluation of new cell association schemes for small cells, the following four schemes are proposed as follows for comparison.
Alt. #1: Relative RSRP/RSRQ comparison among all detectable small cells (current scheme)
· UE is associated to the small cell with largest RSRP/RSRQ among all detectable small cells
· For intra-frequency, RSRP is utilized

· For inter-frequency, RSRQ is utilized
· CRE bias between macrocell and small cell is 3, 6, 9 dB

Alt. #2: Relative SINR comparison among all detectable small cells (new scheme)
· UE is associated to the small cell with largest SINR among all detectable small cells
· For both intra-frequency and inter-frequency, SINR is utilized

· CRE bias between macrocell and small cell is 3, 6, 9 dB
Alt. #3: Relative 
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· For inter-frequency between macro and small cells, RSRQ is utilized

· For both intra-frequency and inter-frequency between small cells, 
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· For inter-frequency between macro and small cells, RSRQ is utilized

· For both intra-frequency and inter-frequency between small cells, 
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· CRE bias between macrocell and small cell is 3, 6, 9 dB
Among four cell association schemes, Alt. #1 is existing scheme and the other three are new ones.  Alt. #2 utilizes SINR as the metric for cell association and this scheme may require new UE measurement.  Alt. #3 and #3a jointly consider RU and SINR for cell association and the metric shown is derived from the throughput equation.  Due to the cell detection mechanism, UE may not be able to detect small cells with weak signal strength so Alt. #3a is used to evaluate whether a new cell detection mechanism is needed.
3. Simulation results and discussion
We assume non-zero resource utilization per cell in the beginning of simulation. For #3 and #3a, the layer association between macrocell and small cell layers is based on relative RSRQ comparison and the cell association within the macrocell layer is based on relative RSRP comparison.  Only the cell association within the small cell layer is based on new metric.  For Alt. #2, both layer association between macrocell and small cell layers and cell association within each layer are based on relative SINR comparison.  In addition, the metrics for cell association, including RSRP, RSRQ, SINR and new metrics are assumed perfect.  Moreover, we assume that layer/cell re-association is not permitted during the transmission of a packet.  All metrics considered in this document are calculated based on 100 ms average.
Table 1-3 show the performance evaluation results using four alternatives for load balancing with different CRE bias in the perspective of UE ratio of small cell association, resource utilization and user packet throughput for macrocell and small cell layer.
Table 1. Comparison of simulation results using different load balancing schemes (λ = 6)
	Cases
	UE Ratio of Cell Association
	Resource Utilization
	Mean user throughput (Mbps)
	5%-ile Cell Edge user throughput (Mbps)

	
	Macro
	SC
	Total
	Macro
	SC
	Total
	Macro 
	SC
	Total
	Macro
	SC

	Alt. #1: Relative RSRP/RSRQ comparison among all detectable small cells

	CRE bias = 0dB
	37.26%
	62.74%
	0.071
	0.258
	0.052
	41.19
	16.53
	46.37
	9.11
	4.43
	15.96

	CRE bias = 3dB
	27.66%
	72.34%
	0.068
	0.173
	0.057
	41.63
	22.36
	44.67
	10.94
	3.46
	15.72

	CRE bias = 6dB
	31.50%
	68.50%
	0.069
	0.215
	0.054
	41.53
	18.48
	45.89
	10.90
	5.08
	16.40

	CRE bias = 9dB
	31.66%
	68.34%
	0.069
	0.223
	0.053
	41.53
	19.58
	45.88
	11.01
	5.46
	15.83

	Alt. #2: Relative SINR comparison among all detectable small cells

	CRE bias = 0dB
	33.43%
	66.57%
	0.063
	0.222
	0.047
	43.08
	22.41
	47.55
	12.43
	4.45
	17.55

	CRE bias = 3dB
	30.74%
	69.26%
	0.067
	0.206
	0.053
	41.39
	22.24
	45.22
	11.95
	7.39
	15.85

	CRE bias = 6dB
	27.91%
	72.09%
	0.064
	0.203
	0.050
	42.72
	21.11
	46.77
	12.83
	6.48
	16.52

	CRE bias = 9dB
	22.06%
	77.94%
	0.065
	0.171
	0.055
	42.40
	24.46
	45.39
	13.25
	8.18
	16.02

	Alt. #3: Relative 
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	CRE bias = 0dB
	37.26%
	62.74%
	0.077
	0.268
	0.057
	39.72
	17.26
	44.79
	9.26
	4.66
	14.82

	CRE bias = 3dB
	29.91%
	70.09%
	0.074
	0.229
	0.058
	40.70
	18.58
	45.03
	10.73
	5.81
	14.99

	CRE bias = 6dB
	26.10%
	73.90%
	0.075
	0.211
	0.061
	40.62
	20.56
	44.21
	11.28
	6.27
	15.15

	CRE bias = 9dB
	29.97%
	70.03%
	0.068
	0.195
	0.056
	41.16
	19.71
	44.75
	11.19
	3.16
	15.91

	Alt. #3a: Relative 
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	CRE bias = 0dB
	44.93%
	55.07%
	0.073
	0.314
	0.049
	40.72
	16.72
	46.86
	7.35
	3.61
	18.09

	CRE bias = 3dB
	33.75%
	66.25%
	0.075
	0.257
	0.057
	41.12
	18.24
	45.66
	9.43
	3.74
	16.01

	CRE bias = 6dB
	24.89%
	75.11%
	0.067
	0.183
	0.055
	43.12
	21.58
	46.56
	12.79
	6.56
	16.58

	CRE bias = 9dB
	27.44%
	72.56%
	0.069
	0.201
	0.055
	41.90
	20.82
	45.70
	12.95
	6.64
	16.02


Table 2. Comparison of simulation results using different load balancing schemes (λ = 10)

	Cases
	UE Ratio of Cell Association
	Resource Utilization
	Mean user throughput (Mbps)
	5%-tile Cell Edge user throughput (Mbps)

	
	Macro
	SC
	Total
	Macro
	SC
	Total
	Macro 
	SC
	Total
	Macro
	SC

	Alt. #1: Relative RSRP/RSRQ comparison among all detectable small cells

	CRE bias = 0dB
	38.88%
	61.12%
	0.145
	0.449
	0.114
	32.44
	12.99
	35.92
	5.79
	2.85
	10.70

	CRE bias = 3dB
	31.60%
	68.40%
	0.147
	0.383
	0.123
	32.31
	15.13
	34.84
	7.13
	2.44
	10.18

	CRE bias = 6dB
	32.17%
	67.83%
	0.143
	0.373
	0.120
	32.08
	14.38
	35.07
	6.67
	2.89
	10.90

	CRE bias = 9dB
	20.05%
	79.95%
	0.147
	0.284
	0.133
	31.22
	17.88
	33.19
	6.97
	4.26
	9.15

	Alt. #2: Relative SINR comparison among all detectable small cells

	CRE bias = 0dB
	40.62%
	59.38%
	0.137
	0.437
	0.107
	31.66
	14.44
	35.63
	5.26
	3.22
	10.12

	CRE bias = 3dB
	34.98%
	65.02%
	0.131
	0.384
	0.106
	33.28
	16.94
	37.02
	6.18
	3.51
	9.76

	CRE bias = 6dB
	29.57%
	70.43%
	0.132
	0.359
	0.109
	32.91
	16.54
	36.32
	6.48
	3.88
	9.63

	CRE bias = 9dB
	25.00%
	75.00%
	0.127
	0.276
	0.112
	32.82
	16.74
	35.53
	6.58
	4.49
	9.31

	Alt. #3: Relative 
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	CRE bias = 0dB
	42.99%
	57.01%
	0.147
	0.497
	0.112
	32.63
	11.75
	36.87
	5.74
	2.48
	12.35

	CRE bias = 3dB
	33.26%
	66.74%
	0.148
	0.385
	0.124
	31.87
	14.31
	35.10
	6.10
	2.80
	11.59

	CRE bias = 6dB
	32.22%
	67.78%
	0.146
	0.392
	0.121
	31.32
	14.31
	34.89
	5.51
	2.77
	11.40

	CRE bias = 9dB
	25.45%
	74.55%
	0.157
	0.311
	0.141
	30.22
	15.95
	32.42
	6.96
	2.95
	11.10

	Alt. #3a: Relative 
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	CRE bias = 0dB
	37.33%
	62.67%
	0.158
	0.464
	0.127
	30.72
	13.54
	34.07
	5.55
	2.82
	11.01

	CRE bias = 3dB
	30.54%
	69.46%
	0.139
	0.371
	0.116
	33.73
	15.17
	36.92
	7.37
	2.92
	12.17

	CRE bias = 6dB
	32.85%
	67.15%
	0.149
	0.401
	0.123
	31.34
	15.14
	34.40
	6.95
	3.36
	11.19

	CRE bias = 9dB
	27.27%
	72.73%
	0.142
	0.337
	0.123
	31.19
	14.28
	34.26
	6.81
	3.56
	11.46


Table 3. Comparison of simulation results using different load balancing schemes (λ = 15)

	Cases
	UE Ratio of Cell Association
	Resource Utilization
	Mean user throughput (Mbps)
	5%-tile Cell Edge user throughput (Mbps)

	
	Macro
	SC
	Total
	Macro
	SC
	Total
	Macro 
	SC
	Total
	Macro
	SC

	Alt. #1: Relative RSRP/RSRQ comparison among all detectable small cells

	CRE bias = 0dB
	40.94%
	59.06%
	0.271
	0.652
	0.233
	23.12
	9.79
	25.07
	3.52
	1.77
	5.49

	CRE bias = 3dB
	39.67%
	60.33%
	0.251
	0.607
	0.215
	24.05
	10.06
	26.30
	3.53
	1.59
	6.38

	CRE bias = 6dB
	26.25%
	73.75%
	0.263
	0.539
	0.235
	22.61
	11.97
	24.52
	4.17
	2.53
	5.11

	CRE bias = 9dB
	22.77%
	77.23%
	0.279
	0.493
	0.258
	21.58
	11.57
	23.27
	3.71
	2.51
	4.68

	Alt. #2: Relative SINR comparison among all detectable small cells

	CRE bias = 0dB
	55.27%
	44.73%
	0.232
	0.753
	0.180
	25.51
	8.44
	29.87
	8.44
	1.61
	6.18

	CRE bias = 3dB
	43.19%
	56.81%
	0.240
	0.618
	0.202
	23.67
	11.43
	26.49
	3.55
	1.85
	5.17

	CRE bias = 6dB
	37.84%
	62.16%
	0.244
	0.572
	0.211
	23.20
	12.66
	25.55
	3.84
	2.18
	5.38

	CRE bias = 9dB
	28.17%
	71.83%
	0.246
	0.445
	0.226
	22.52
	14.21
	24.32
	3.72
	2.28
	4.55

	Alt. #3: Relative 
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	CRE bias = 0dB
	51.78%
	48.22%
	0.251
	0.706
	0.206
	24.69
	8.17
	27.60
	2.98
	1.49
	8.72

	CRE bias = 3dB
	41.00%
	59.00%
	0.252
	0.561
	0.221
	24.12
	10.83
	26.52
	3.93
	1.62
	8.68

	CRE bias = 6dB
	27.88%
	72.12%
	0.252
	0.454
	0.232
	24.53
	14.15
	26.19
	5.37
	2.74
	8.36

	CRE bias = 9dB
	28.78%
	71.22%
	0.249
	0.401
	0.234
	24.01
	12.92
	25.71
	4.69
	1.97
	7.67

	Alt. #3a: Relative 
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	CRE bias = 0dB
	42.33%
	57.67%
	0.251
	0.624
	0.214
	25.32
	11.82
	27.64
	4.22
	1.92
	8.38

	CRE bias = 3dB
	34.22%
	65.78%
	0.252
	0.529
	0.225
	23.84
	11.51
	26.80
	4.70
	2.24
	7.64

	CRE bias = 6dB
	42.27%
	57.73%
	0.261
	0.593
	0.228
	23.49
	11.69
	25.92
	3.77
	2.03
	7.79

	CRE bias = 9dB
	18.71%
	81.29%
	0.255
	0.388
	0.242
	24.18
	14.93
	25.59
	6.36
	3.71
	7.84
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Figure 2. CDF of small cell user packet throughput [Mbps] for FTP traffic model 1 with λ = 6, 10, 15, CRE bias = 6dB
From Table 1-3, it is observed that Alt. #2 (relative SINR comparison among all detectable small cells for cell association) provide more gain on both average user throughput and cell-edge user throughput for low traffic loading case (e.g., λ = 6), compared to the baseline scheme Alt. #1.  However, when the traffic load is heavy, Alt. #3 and Alt. #3a outperform Alt. #2 in both average user throughput and cell-edge user throughput.  When λ = 15 and CRE bias is 9 dB, there is 11.26% and 35.02% gain, compared to Alt. #1, on average UPT and 5%-tile UPT, respectively.  This is because the cells with the best SINR are usually equivalent to the cells which can provide the best throughput for an UE when the traffic loading is low.  Nevertheless, it’s not true anymore when the traffic loading grows high.  Therefore, when the traffic loading grows higher and higher, cell loading or resource utilization rate (RU) of candidate cells should be considered together with SINR jointly so as to select a cell providing the best throughput for an UE.
Observation #3: Cell association based on relative SINR comparison provides the largest gain over cell association based on relative RSRP/RSRQ comparison on average user throughput and 5%-tile user throughput when the traffic load is low, e.g. λ = 6.  
Observation #4: Cell association based on relative 
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 comparison provides the largest gain over cell association based on relative RSRP/RSRQ comparison on average user throughput and 5%-tile user throughput when the traffic load is high, e.g. λ = 15.
Table 4-6 show the portions of UEs associated to the 1st, 2nd and 3rd strongest small cells for load balancing using alt. #3. From the simulation results, it is observed that more than 60% UEs are associated with the strongest small cell when λ = 6, 10 and 15.  However, the portion of UEs associated with the strongest small cell decreases and the portion of UEs associated with the 3rd strongest small cell increases when λ grows.  When λ = 15 and CRE bias is 9 dB, there is 9.75% of UEs associated with the 3rd strongest.  Though there is no significant performance difference between Alt. #3 and Alt. #3a, it is expected that the performance difference will be observable when larger λ is considered.  Therefore, it’s necessary to consider
Table 4. The portion of UEs associated to 1st, 2nd and 3rd strongest small cells for load balancing with alt. #3 (λ = 6)

	Cases
	0dB CRE bias 
	3dB CRE bias 
	6dB CRE bias 
	9dB CRE bias 

	UE Ratio to the 1st strongest SC
	77.39%
	75.59%
	76.58%
	76.87%

	UE Ratio to the 2nd strongest SC
	9.34%
	10.77%
	9.94%
	9.76%

	UE Ratio to the 3rd strongest SC
	4.52%
	4.62%
	4.36%
	4.95%

	UE Ratio to other weaker SCs
	8.75%
	9.02%
	9.12%
	8.42%


Table 5. The portion of UEs associated to 1st, 2nd and 3rd strongest small cells for load balancing with alt. #3 (λ = 10)
	Cases
	0dB CRE bias 
	3dB CRE bias 
	6dB CRE bias 
	9dB CRE bias 

	UE Ratio to the 1st strongest SC
	70.37%
	68.57%
	69.61%
	68.36%

	UE Ratio to the 2nd strongest SC
	14.29%
	17.71%
	16.35%
	17.78%

	UE Ratio to the 3rd strongest SC
	7.08%
	6.42%
	7.30%
	6.44%

	UE Ratio to other weaker SCs
	8.26%
	7.3%
	6.74%
	7.42%


Table 6. The portion of UEs associated to 1st, 2nd and 3rd strongest small cells for load balancing with alt. #3 (λ = 15)
	Cases
	0dB CRE bias 
	3dB CRE bias 
	6dB CRE bias 
	9dB CRE bias 

	UE Ratio to the 1st strongest SC
	65.84%
	66.57%
	64.90%
	63.68%

	UE Ratio to the 2nd strongest SC
	20.06%
	20.95%
	22.29%
	21.46%

	UE Ratio to the 3rd strongest SC
	8.47%
	7.75%
	8.55%
	9.75%

	UE Ratio to other weaker SCs
	5.63%
	4.73%
	4.26%
	5.11%


Observation #5: The portion of UEs associated with the strongest small cell decreases and the portion of UEs associated with 3rd strongest small cell increases when the traffic load grows.
Proposal #2:  At least for SCE scenario 2a, small cell load balancing should jointly consider both channel condition (SINR) and cell loading (RU) with new metric of 
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Proposal #3:  At least for SCE scenario 2a, discovery of 3rd strongest small cell is necessary for small cell load balancing and the evaluation of small cell discovery mechanisms should take it into consideration.
Proposal #4:  For other scenarios, further study is needed and one more 3GPP RAN1 meeting may be necessary to complete the performance evaluation of small cell load balancing schemes.
4. Conclusion
In this contribution, we evaluate the performance of different load balancing/shifting schemes for small cell efficient operations in SCE scenario 2a.  Observations and proposals are summarized as follows.
Observation #1: Cell loading between small cells is significantly unbalanced when cell association mechanism based on RSRP/RSRQ is applied.

Observation #2: A certain portion of UEs are associated to small cells with resource utilization rate higher than 0.8.
Observation #3: Cell association based on relative SINR comparison provides the largest gain over cell association based on relative RSRP/RSRQ comparison on average user throughput and 5%-tile user throughput when the traffic load is low, e.g. λ = 6.  

Observation #4: Cell association based on relative 
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 comparison provides the largest gain over cell association based on relative RSRP/RSRQ comparison on average user throughput and 5%-tile user throughput when the traffic load is high, e.g. λ = 15.
Observation #5: The portion of UEs associated with the strongest small cell decreases and the portion of UEs associated with 3rd strongest small cell increases when the traffic load grows.
Proposal #1: At least for SCE scenario 2a, existing cell association scheme based on RSRP/RSRQ for small cell load balancing is not sufficient.
Proposal #2: At least for SCE scenario 2a, small cell load balancing should jointly consider both channel condition (SINR) and cell loading (RU) with new metric of 
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Proposal #3: At least for SCE scenario 2a, discovery of 3rd strongest small cell is necessary for small cell load balancing and the evaluation of small cell discovery mechanisms should take it into consideration.

Proposal #4:  For other scenarios, further study is needed and one more 3GPP RAN1 meeting may be necessary to complete the performance evaluation of small cell load balancing schemes.
5. Reference
[1] R1-130856, “Evaluation assumptions for small cell enhancements – physical layer”, Huawei, HiSilicon, 3GPP RAN1 Session #72, St Julian’s, Malta, January 28th–February 1st, 2013


Appendix:
Table 6: Simulation assumptions for system level simulation
	Parameters
	Assumptions

	Scenario
	Scenario #2a, 19 macro sites

	System bandwidth per carrier
	Macro: 10MHz; Small cell: 10MHz

	Carrier frequency
	Macro: 2.0GHz; Small cell: 3.5GHz;  both 1 carrier

	Total BS TX Power
	Macro: 46dBm; Small cell: 30dBm

	Number of clusters per macro cell geographical area
	1

	Number of small cells per cluster
	10

	Distance-dependent path loss
	ITU model with 3D distance as baseline

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

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

	Traffic model
	FTP Model 1 as in TR 36.814 with packet arrival rate = 6, 10, 15

	Scheduling
	Proportional Fair

	UE receiver
	MMSE-IRC

	Antenna configuration
	2Tx2Rx in DL, cross-polarized

	MIMO scheme
	Single point transmission with SU-MIMO, up to rank2
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