Page 1

3GPP TSG RAN WG1 Meeting #71

R1-125187
New Orleans, USA, 12th – 16th November 2012
Source:
QUALCOMM Incorporated

Title:
System Performance of Hetnets in Co-channel Deployments
Agenda item:

5.6.2
Document for:
Discussion
1
Introduction

A study item on heterogeneous network was initiated at the last RAN plenary [1]. In this contribution, we provide some initial results on the system performance of HetNets in the Single Carrier (SC) Co-channel deployment.
We summarize the system simulation assumptions in Appendix A. In the initial results, we show the system performance with full buffer traffic model. We show four types of system performance metrics
· Average UE throughput: it is calculated as the average throughput of all UEs in the system

· 50% UE throughput: it is computed as the median throughput of all UEs in the systems

· 5% UE throughput: it is computed as the throughput of the UE at 5% tail among all UEs in the systems

· Offloading Percentage: it is computed as the percentage of UEs among all UEs in the system that is served by Low Power Node (LPN).
The gains are given in throughput increase as a percentage of the baseline throughput. The baseline is the result for the case where LPNs are not present in the Macro cell. 

It is important to note that uplink and downlink imbalance could arise from deployment of LPN [2] which leads to both the UL interference issues between Macro and LPN and unreliable HS-DPCCH decoding at the serving cell. In the simulation results we presented, we assume appropriate techniques have been applied to mitigate the interference issues as well as guarantee reliable HS-DPCCH decoding, the techniques include

· LPN padding: padding attenuates the total received signal at the LPN which effectively increases the LPN noise figure. We adoptive the assumption where LPN has the same noise figure as Macro before padding, we padding applied in the simulation will be given in the results.
· HS-DPCCH power boosting: we assume that for UEs facing HS-DPCCH reliability issues, appropriate power boosting has been applied to ensure reliable reception of ACK/NACK and CQI at the serving cell. 
Lastly, we also consider two type of deployment scenario

1. Soft Hand-off (SHO) allowed between LPN and Macro.

2. Soft Hand-off (SHO) not allowed between LPN and Macro.

2
Simulation Results for 50% Hotspot UE Dropping

In the initial results presented here, we assume 20m clustering radius for 27dBm LPN, 40m clustering radius for 30dBm and 37dBm LPN.

Table 1shows the UE throughput improvement from the HetNet deployment with 37dBm LPN and 50% clustering UE dropping. Clearly, we observe significant performance benefit from HetNet deployment in terms of both the system capacity improvement (average throughput) and system coverage improvement (5% throughput). 
We try to apply a good cell individual offset (CIO) to offload as balance the load between LPN and Macro. However, large CIO setting has a couple of problems
· UEs that are offloaded to the LPN by large CIO could experience very low geometry which results in performance degradation for those UEs)

· Note that advanced receivers capable of downlink interference cancellation were not assumed in this analysis

· Once large number of UEs is offloaded to LPN, they may cause excessive interference to the neighbouring Macro cells. This is what we observed in the case that SHO is not allowed between Macro and LPN. SHO allows more cells to participate in the UE power control and grant control. Without SHO, UL interference issues could be more severe. When we set CIO to 3dB without enabling SHO between LPN and Macro, we start to see UL 5% throughput loss due to excessive interference from LPN to Macro cells.
Table 1 HetNets System Performance with 37dBm LPN and 50% Hotspot UE Dropping

	
	LPN Density
	CIO [dB]
	Noise Padding [dB]
	Downlink Throughput Gain [%]
	Uplink Throughput Gain [%]
	Offloading Percentage

	SHO
	
	
	
	Mean
	Median
	5 percentile
	Mean
	Median
	5 percentile
	

	SHO Allowed Between LPN and Macro
	2
	3
	0
	153
	126
	70
	518
	179
	82
	47

	
	4
	3
	0
	244
	181
	83
	818
	529
	129
	55

	SHO Not Allowed Between LPN and Macro
	2
	0
	0
	153
	103
	52
	427
	93
	38
	39

	
	4
	0
	0
	236
	141
	63
	710
	123
	70
	44


Table 2 shows the UE throughput improvement from the HetNet deployment with 30dBm LPN and 50% clustering UE dropping. Compared with the 37dBm LPN deployment, as expected, we see less performance gain. In this case, 6dB padding is applied at the LPN in order to mitigate the UL interference issues.
Table 2 HetNets System Performance with 30dBm LPN and 50% Hotspot UE Dropping
	
	LPN Density
	CIO [dB]
	Noise Padding [dB]
	Downlink Throughput Gain [%]
	Uplink Throughput Gain [%]
	Offloading Percentage

	SHO
	
	
	
	Mean
	Median
	5 percentile
	Mean
	Median
	5 percentile
	

	SHO Allowed Between LPN and Macro
	2
	3
	6
	103
	74
	41
	456
	80
	49
	29

	
	4
	3
	6
	153
	86
	55
	650
	103
	63
	32

	SHO Not Allowed Between LPN and Macro
	2
	0
	6
	86
	43
	28
	340
	30
	6
	22

	
	4
	0
	6
	129
	53
	29
	503
	28
	12
	25


Table 3 shows the UE throughput improvement from the HetNet deployment with 24dBm LPN and 50% clustering UE dropping. We use a clustering radius of 20m instead of 40m for the 24dBm LPN which results in slightly larger percentage of UEs being offloaded to LPN given the same LPN density. In generally, the gain from HetNets deployment closely depends on the offloading capacity of LPN. Based on our simulation assumptions, even with 50% Hotspot dropping, at 4 LPN per Macro cell density, there are from 25% to 47% of UE being offloaded to the LPN. In other words, LPN is still much less loaded as compared to Macro. If we could adopt techniques to allow more UEs to be offloaded to LPN without causing UL and DL interference issues, we should be able to further improve the performance improvement from HetNets deployment.   
Table 3 HetNets System Performance with 24dBm LPN and 50% Hotspot UE Dropping
	
	LPN Density
	CIO [dB]
	Noise Padding [dB]
	Downlink Throughput Gain [%]
	Uplink Throughput Gain [%]
	Offloading Percentage

	SHO
	
	
	
	Mean
	Median
	5 percentile
	Mean
	Median
	5 percentile
	

	SHO Allowed Between LPN and Macro
	4
	3
	12
	133
	88
	55
	661
	90
	82
	34

	
	8
	3
	12
	196
	105
	53
	741
	149
	85
	38

	SHO Not Allowed Between LPN and Macro
	4
	0
	12
	113
	57
	33
	615
	25
	12
	26

	
	8
	0
	12
	168
	64
	31
	684
	47
	26
	28


3
Simulation Results for Uniform UE Dropping

In additional to the Hotpot UE dropping, we also consider the uniform UE dropping and provide system performance results in this section.

Tables 4 to 6, shows the UE throughput improvement from the HetNet deployment under uniform UE dropping, with 37dBm LPN, 30dBm LPN and 24dBm LPN respectively.

It is obvious to see that, compared to Hotspot dropping, uniform UE dropping results in fewer percentages of UEs being offloaded to Pico. As previous discussion, offloading percentage is an important metric that determines the gains from LPN deployment. As a result, we see smaller system performance improvement under uniform UE dropping as compared to Hotspot UE dropping.
Table 4 HetNets System Performance with 37dBm LPN and Uniform UE Dropping

	
	LPN Density
	CIO [dB]
	Noise Padding [dB]
	Downlink Throughput Gain [%]
	Uplink Throughput Gain [%]
	Offloading Percentage

	SHO
	
	
	
	Mean
	Median
	5 percentile
	Mean
	Median
	5 percentile
	

	SHO Allowed Between LPN and Macro
	2
	3
	0
	71
	33
	12
	250
	47
	19
	20

	
	4
	3
	0
	129
	69
	31
	456
	102
	33
	37

	SHO Not Allowed Between LPN and Macro
	2
	0
	0
	69
	20
	1
	198
	22
	9
	14

	
	4
	0
	0
	123
	49
	15
	375
	48
	9
	27


Table 5: HetNets System Performance with 30dBm LPN and Uniform UE Dropping
	
	LPN Density
	CIO [dB]
	Noise Padding [dB]
	Downlink Throughput Gain [%]
	Uplink Throughput Gain [%]
	Offloading Percentage

	SHO
	
	
	
	Mean
	Median
	5 percentile
	Mean
	Median
	5 percentile
	

	SHO Allowed Between LPN and Macro
	2
	3
	6
	37
	13
	6
	146
	21
	21
	9

	
	4
	3
	6
	65
	26
	13
	266
	41
	29
	17

	SHO Not Allowed Between LPN and Macro
	2
	0
	6
	33
	7
	0
	107
	10
	13
	6

	
	4
	0
	6
	57
	15
	5
	187
	22
	13
	11


Table 6 HetNets System Performance with 24dBm LPN and Uniform UE Dropping
	
	LPN Density
	CIO [dB]
	Noise Padding [dB]
	Downlink Throughput Gain [%]
	Uplink Throughput Gain [%]
	Offloading Percentage

	SHO
	
	
	
	Mean
	Median
	5 percentile
	Mean
	Median
	5 percentile
	

	SHO Allowed Between LPN and Macro
	4
	3
	12
	27
	11
	4
	133
	19
	10
	9

	
	8
	3
	12
	55
	24
	10
	260
	33
	52
	15

	SHO Not Allowed Between LPN and Macro
	4
	0
	12
	21
	5
	0
	99
	7
	6
	5

	
	8
	0
	12
	41
	9
	1
	195
	15
	21
	9


4
Conclusion

In this contribution, we have provided the initial system performance for HetNets Single Carrier Co-channel deployment, focusing on the full buffer traffic mode. Below is a summary of our observations:
·  LPN deployment significantly improves both the system capacity as well as system coverage

·  The performance gain from LPN deployment improves as more number of LPN being deployed, LPN being deployed with larger transmit power, and LPN being deployed in Hotspot in stead of uniform.

·  Allowing UE to be in SHO between LPN and Macro helps mitigates the UL interference issues, therefore SHO further enhances the system performance gain from LPN deployment.

·  Even with current 50% Hotspot LPN in simulation, LPN is still much less loaded compared to Macro. 
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Appendix A: Simulation Assumptions

Table 7 summarizes the basic system level simulation parameters values for the UMTS HetNets study.
Table 7: UMTS HetNets Basic System Level Parameter Values
	Parameters
	Values and comments

	Cell Layout
	57 cell hexagonal (19 NodeB, 3 sectors per Node B with wrap-around)

	Inter-site distance
	500 m

	Carrier Frequency
	2000 MHz

	Carrier Spacing
	5MHz 

	Path Loss
	Macro Node: L=128.1 + 37.6log10(R), R in kilometres

LPN: L=140.7 + 36.7log10(R), R in kilometres

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0

Correlation Distance: 50m 

	Antenna pattern
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                                                                              = 70 degrees,     Am = 20 dB
LPN: 2D Antenna, omni-directional

	Channel Model
	PA3

	Penetration loss
	20dB

	Maximum UE EIRP
	24dBm

	Maximum Tx Power of BS
	Macro Node: 43dBm
LPN: 37 dBm, 30 dBm, 24 dBm

	Max BS Antenna Gain
	Macro cell: 14dBi
LP cell: 5 dBi

	Max UE Antenna Gain
	0dBi

	NodeB Noise Figure
	Macro Node: 5 dB

LPN: 5 dB

	UE Noise Figure
	9 dB

	Thermal noise density
	-174dBm/Hz

	HS-DSCH
	Up to 15 SF 16 codes per carrier for HS-PDSCH

Total available power for HS-PDSCH is 70% of Node B Tx power
HS-PDSCH HARQ: Both chase combining and IR based can be used. Maximum of 4 transmissions with 10% target BLER after the first transmission. Retransmissions are of highest priority.

	Number of HARQ processes
	6

	HS-SCCH code number
	4

	Total overhead power
	30%

	UE Receiver
	Type 3i

	Soft Handover Parameters
	R1a (reporting range constant) = 4.5dB
R1b (reporting range constant) = 4.5dB

	Max active set size
	3

	Power control
	UL: Target 1% BLER after the fourth transmission 

DL: Based on CQI. No IBLER control

	RoT
	Macro cell: 6dB
LPN: 6dB

	Traffic model
	Full buffer


The system layout as well as the criterion for dropping the LPN and UE is summarized as the following

· Number of LPN: 2, 4, 8
· Minimum distance between LPN and Macro: 75m

· Minimum distance between LPN: 40m 

· LPN’s are randomly and uniformly distributed within a Macro cell
· Number of UE: 16

· The minimum distance between UE and Macro cell is 35m

· The minimum distance between UE and LPN is 10m

· UE Dropping criteria:

· Random: UE randomly and uniformly distributed within a Macro cell 
· Hotspot: Randomly and uniformly drop Photspot of the total users within a r m radius of LPN, then randomly and uniformly drop the remaining users to the entire macro geographical area of the given Macro cell (including the LPN dropping area).
· Photspot = ½ 

· The radius of LPN r is equal to 20m, 40m, and 40m when the power of small cell is 24dBm, 30dBm, and 37dBm, respectively.

� EMBED Equation.3  ���
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