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1. Introduction

In previous 3GPP RAN1 meetings, there is few discussion regarding to load shifting, including both load balancing and load aggregation, in small cells. With more and more studies on small cell on/off operation, we think there is tight connection between small cell load shifting and on/off operation. Due to dense small cell deployment, each UE within the small cell cluster can observe more than 2 small cells and each small cell can be the UE’s serving cell. In most of simulations, UE always chooses the strongest small cell for association based on legacy scheme. Due to uniform UE distribution, this scheme may lead to unnecessary turned-on small cells and thus exaggerate the performance impact of inter-cell interference due to CRS transmission during transition time.  In addition, it may also cause more frequent small cell on/off transition and it’s not power efficient.  Joint consideration of small cell on/off operation and load shifting may be able to provide better understanding about necessary enhancements for small cell operation.
In a previous paper[1], we have discussed the issues in current RSRQ-based load balancing scheme and provided the performance evaluations for the comparison between RSRQ-based and throughput-based (cell loading plus SINR) load balancing schemes. In this contribution, we further study the load aggregation schemes together with small cell on/off operation and provide our preliminary evaluation results. 


2. Schemes for evaluation
Load shifting can be achieved by smart cell association, which plays an important role in small cell scenarios, as UE usually can see more cells in small cell layer than macrocell layer and it can help UE to associate with the best cell for improved user experience. There are generally two types of load shifting. The first type of load shifting is load balancing, which evenly distributes the traffic load across the cells/layers. The second type of load shifting is load aggregation, which concentrates the traffic into fewer cells and turns off other small cells in order to mitigate inter-cell interference in dense small cell deployments.  In small cell layer, load aggregation can be done first and then load balancing can be done further among the turned-on small cells.
For the evaluation of small cell load aggregation, the following three cell association schemes are proposed as follows for comparison.

 Alt. #1: baseline scheme based on 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 0 dB 
Alt. #2: load balancing (LB) based on relative 
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· UE is associated to the small cell with largest 
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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 0 dB
Alt. #3: load aggregation (LAG) based on relative RSRP/RSRQ comparison under active small cells threshold within a cluster (new scheme)
· UE is associated to the small cell with the largest RSRP/RSRQ if the active small cells within the cluster is less than the threshold of maximum active small cells, else
· UE is associated to the small cell with the largest RSRP/RSRQ if the small cell is active, else
· UE is associated to the small cell with the largest RSRP/RSRQ within the remaining small cells
· The maximum active small cells within a cluster is 2, 4, 6, 8
· For intra-frequency, RSRP is utilized

· For inter-frequency, RSRQ is utilized

· CRE bias between macrocell and small cell is 0 dB
Among three cell association schemes, Alt. #1 is existing scheme and the other three are new ones.  Alt. #2 jointly considers RU and SINR for cell association and the metric shown is derived from the throughput equation, which has been discussed in our previous contribution. Alt. #3 concentrates the traffic load to several small cells via maximum active small cells threshold within a cluster, so that the load is aggregated in a subset of small cells and reshape the network interference profile. 
In addition, for further evaluation on different cell association schemes, the schemes of small cell on/off is jointly considered, including baseline without any on/off, semi-static on/off scheme, dynamic on/off scheme. The time scale for small cell on/off adopts the following guidance agreed in RAN1 #73:

· Baseline value of the feasible time scale to be used for further evaluation of network adaptation, if using currently existing procedures, is as follows:

· Time before a UE can use a just turned on small cell: [400] ms
· Time before a new arrived UE (as in FTP 1) can use an already on small cell: [200] ms
· Time needed to turn off a cell after turn-off is triggered [200ms]



3. Performance comparison and discussion
For three cell association schemes, 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. For Alt. #2 and #3, only the cell association within the small cell layer is based on new metric.  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 three alternatives for load balancing with small cell on/off in the terms of UE ratio of cell association, resource utilization and user packet throughput for macrocell and small cell layers.
Table 1. Comparison of simulation results using load aggregation scheme w/o consideration on/off
	Cases
	UE Ratio of Cell Association
	Resource Utilization
	Mean UPT (Mbps)
	5%-ile Cell Edge UPT (Mbps)

	
	Macro
	SC
	Total
	Macro
	SC
	Total
	Macro 
	SC
	Total
	Macro
	SC

	Baseline
	31.89%
	68.11%
	0.152
	0.423
	0.125
	14.53
	12.24
	15.53
	4.56
	2.67
	6.31

	LB
	29.29%
	70.71%
	0.172
	0.412
	0.148
	13.55
	12.25
	14.22
	3.96
	3.16
	4.88

	LAG
	up to 2 SCs active
	30.53%
	69.47%
	0.120
	0.361
	0.096
	13.49
	12.98
	13.83
	3.98
	3.37
	4.40

	
	up to 4 SCs active
	28.41%
	71.59%
	0.148
	0.401
	0.123
	14.78
	13.13
	15.57
	5.28
	3.59
	6.36

	
	up to 6 SCs active
	27.41%
	72.59%
	0.153
	0.405
	0.128
	14.44
	12.66
	15.19
	4.98
	3.42
	6.35

	
	up to 8 SCs active
	28.16%
	71.84%
	0.146
	0.384
	0.123
	14.62
	12.85
	15.27
	5.12
	3.17
	6.34


Table 2. Comparison of simulation results using load aggregation scheme under semi-static on/off scheme
	Cases
	UE Ratio of Cell Association
	Resource Utilization
	Mean UPT (Mbps)
	5%-ile Cell Edge UPT (Mbps)

	
	Macro
	SC
	Total
	Macro
	SC
	Total
	Macro 
	SC
	Total
	Macro
	SC

	Baseline
	11.20%
	88.80%
	0.111
	0.185
	0.103
	13.78
	16.16
	13.20
	6.01
	6.02
	6.01

	LB
	12.11%
	87.89%
	0.110
	0.188
	0.102
	13.26
	15.83
	12.54
	5.89
	5.43
	5.97

	LAG
	up to 2 SCs active
	30.41%
	69.59%
	0.121
	0.358
	0.097
	13.51
	13.05
	13.05
	3.96
	3.39
	4.39

	
	up to 4 SCs active
	28.41%
	71.59%
	0.148
	0.401
	0.123
	14.79
	13.13
	15.58
	5.29
	3.59
	6.36

	
	up to 6 SCs active
	26.86%
	73.14%
	0.153
	0.400
	0.128
	14.53
	13.03
	15.16
	5.06
	3.47
	6.28

	
	up to 8 SCs active
	28.17%
	71.83%
	0.147
	0.383
	0.123
	14.63
	12.84
	15.28
	5.13
	3.18
	6.34


Table 3. Comparison of simulation results using load aggregation scheme under dynamic on/off scheme
	Cases
	UE Ratio of Cell Association
	Resource Utilization
	Mean UPT (Mbps)
	5%-ile Cell Edge UPT (Mbps)

	
	Macro
	SC
	Total
	Macro
	SC
	Total
	Macro 
	SC
	Total
	Macro
	SC

	Baseline
	14.47%
	85.53%
	0.077
	0.165
	0.068
	38.44
	25.18
	40.86
	10.67
	7.39
	12.41

	LB
	13.95%
	86.05%
	0.077
	0.154
	0.069
	39.03
	25.43
	41.95
	11.01
	6.90
	13.11

	LAG
	up to 2 SCs active
	12.68%
	87.32%
	0.084
	0.152
	0.077
	31.96
	22.09
	33.82
	6.79
	7.26
	6.70

	
	up to 4 SCs active
	12.49%
	87.51%
	0.078
	0.147
	0.071
	38.51
	24.26
	41.03
	10.06
	6.45
	11.65

	
	up to 6 SCs active
	15.23%
	84.77%
	0.075
	0.162
	0.066
	39.49
	24.10
	42.74
	11.04
	6.37
	13.62

	
	up to 8 SCs active
	14.99%
	85.01%
	0.077
	0.176
	0.067
	39.23
	23.98
	42.19
	10.51
	5.90
	13.32


Comparing the slots marked with yellow in Table 1 and 2, there is UPT degradation (14.53 vs. 13.78 in mean UPT) in semi-static small cell operation with transition time scale [400ms, 200ms, 200ms] when no small cell load aggregation is applied but there is UPT gain (14.53 vs. 14.79 in mean UPT) in the same scheme when small cell load aggregation is applied.  This is because the interference introduced by CRS transmission during transition time is exaggerated when no small cell load aggregation is considered. This verifies our concerns on the evaluation of small cell on/off operation without considering load shifting.  They are actually bundled together.
Observation #1: With load aggregation, there is performance gain in semi-static small cell on/off operation even with baseline transition time scales agreed in 3GPP RAN1 #73.

Observation #2: The number of turned-on small cells to achieve the largest performance gain in load aggregation is dependent on the traffic loading.
Observation #3: With load aggregation, the performance can be further enhanced in both dynamic and semi-static small cell operations.
Based on the above observations, we have the following proposals.
Proposal: Performance evaluation of small cell on/off operation should be carried out together with at least uncoordinated load aggregation.


4. Conclusion
In this contribution, we evaluate the performance of load aggregation for small cell efficient operations under different small cell on/off schemes in SCE scenario 2a.  Observations and proposals are summarized as follows.

Observation #1: With load aggregation, there is performance gain in semi-static small cell on/off operation even with baseline transition time scales agreed in 3GPP RAN1 #73.

Observation #2: The number of turned-on small cells to achieve the largest performance gain in load aggregation is dependent on the traffic loading.

Observation #3: With load aggregation, the performance can be further enhanced in both dynamic and semi-static small cell operations.
Proposal: Performance evaluation of small cell on/off operation should be carried out together with at least uncoordinated load aggregation.
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Appendix I. Simulation Assumption
Table 4: Simulation assumptions for system level simulation
	Parameters
	Assumptions

	Scenario
	Scenario #2a, 7 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 and new metrics based on realistic traffic

	Small cell on/off criteria
	On/off based on packet call arrival/completion

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

	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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