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1
Introduction

In this contribution, downlink system simulation results are presented for HetNets in the Single Carrier (SC) Co-channel deployment with full buffer traffic. The results presented here supersede results in the previous contribution [4]. We made some changes to the computation of shadowing between UEs and LPNs, which now fully comply with the simulation assumptions in [2]. 
The system simulation assumptions are summarized in [2]. In this contribution, we do not consider the simulation conditions listed as optional in [2] unless identified. Below are further clarifications of the simulation assumptions:
· Outdoor path loss model was assumed. Since the ISD is assumed to be 500m, without lowering the Macro transmit-power, the geometry distribution will not differ noticeably for the mixed scenario (60% indoor and 40% outdoor).
· Channel model was assumed to be PA3. Since HetNet deployment benefits the system performance mostly through offloading, we do not expect the gain to be very sensitive to the channel model. 
· Only SIMO case was assumed.

· Type3i receiver was assumed which is modelled by taking into consideration receiver implementation loss.

· As perfect control channel (HS-DPCCH) performance is assumed in the simulation, DL performance is not impacted by the availability of SHO between Macro and LPN. 

In the results, we show the system performance with a full buffer traffic model. Four types of system performance metrics are considered:
· 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 UEs at 5% tail across all UEs in the system

· Offloading Percentage: it is computed as the percentage of UEs among all UEs that are served by LPNs in the system.
The gains are presented as the percentage increase over the baseline throughput. The baseline is the result for the case where LPNs are not present in the Macro cell. 
2
Simulation Results for 50% Clustering UE Dropping

Table 1shows the UE throughput improvement from a HetNet deployment with 37dBm LPNs and 50% clustering UE dropping. 
Clearly, significant performance can be observed benefit from HetNet deployment in terms of both the system capacity improvement (average and median UE throughputs) and system coverage improvement (5% throughput). 
As observed from the simulation results, even with 50% clustering UE dropping, in general, LPNs are still less loaded compared to Macro nodes. To offload more UEs from Macro nodes to LPNs, cell individual offset (CIO) can be applied to bias towards the LPNs during serving cell selection. On the other hand, a large CIO setting can degrade the geometry of those UEs that are offloaded from Macro nodes to LPNs, which may result in performance loss for those UEs. In general, without advanced receivers which are capable of performing interference cancellation applying a large CIO may hurt HetNet deployment performance [3]. In the simulation, we compare CIO settings of 0 and 3dB. It is important to emphasize that our simulation assumes type3i receivers with realistic implementation. 
As shown in Table 1, using 4 LPNs/Macro as an example, HetNet deployment with 50% UE clustering and 0dB CIO offloads 39% of the UEs from Macro nodes to LPNs, which results in the mean UE throughput gain of 243%, median UE throughput gain of 114% and 5% UE throughput gain of 45%. By increasing the CIO from 0dB to 3dB, the mean UE throughput gain remains almost the same, however the fairness of the system improves in the sense that the median UE throughput gain is improved to 151% and 5% UE throughput gain is improved to 82%.

Table 1 HetNets DL Full Buffer Performance with 37dBm LPNs and 50% Clustering UE Dropping

	LPN Density
	CIO [dB]
	Downlink Throughput Gain [%]
	Offloading Percentage
(%)

	
	
	Mean
	Median
	5 percentile
	

	1
	0
	92%
	55%
	31%
	25%

	
	3
	90%
	66%
	39%
	32%

	2
	0
	151%
	62%
	25%
	27%

	
	3
	149%
	92%
	46%
	38%

	4
	0
	243%
	114%
	45%
	39%

	
	3
	247%
	151%
	82%
	50%


Table 2 shows the UE throughput improvement from a HetNet deployment with 30dBm LPNs and 50% clustering UE dropping. Table 3 shows the UE throughput improvement from a HetNet deployment with 24dBm LPNs and 50% clustering UE dropping.  

It is important to note that in the simulation assumption, the clustering radius in 50% clustering UE dropping reduces as the LPN transmit-power reduces. The clustering radius is chosen to be 20m, 35m, and 60m when the LPN power is 24dBm, 30dBm, and 37dBm, respectively [2]. This choice leads to the similar UE offloading percentage for different LPN power settings. As HetNet deployment gain mostly comes from the UE offloading, the gains are also similar for different LPN power settings. 

Table 2 HetNets DL Full Buffer Performance with 30dBm LPNs and 50% Clustering UE Dropping
	LPN Density
	CIO [dB]
	Downlink Throughput Gain [%]
	Offloading Percentage
(%)

	
	
	Mean
	Median
	5 percentile
	

	1
	0
	94%
	51%
	31%
	24%

	
	3
	92%
	67%
	47%
	30%

	2
	0
	152%
	55%
	35%
	25%

	
	3
	149%
	78%
	52%
	32%

	4
	0
	230%
	70%
	45%
	29%

	
	3
	236%
	99%
	66%
	36%


Table 3 HetNets DL Full Buffer Performance with 24dBm LPNs and 50% Clustering UE Dropping
	LPN Density
	CIO [dB]
	Downlink Throughput Gain [%]
	Offloading Percentage
(%)

	
	
	Mean
	Median
	5 percentile
	

	1
	0
	98%
	59%
	47%
	26%

	
	3
	96%
	73%
	58%
	32%

	2
	0
	155%
	61%
	30%
	25%

	
	3
	156%
	85%
	50%
	32%

	4
	0
	217%
	64%
	33%
	25%

	
	3
	226%
	92%
	51%
	33%


Overall, our observations are summarized as follows;
· Significant performance benefit can be achieved from HetNet deployment in terms of both the system capacity improvement (average and median UE throughputs) and system coverage improvement (5% throughput).
· Compared to a CIO of 0dB, applying a moderate CIO of 3dB allows more UEs to be offloaded to LPNs, which in turn improves the HetNet deployment performance gain, especially the system fairness.

· Deploying more LPNs allows more UEs to be offloaded to the LPNs, which in turn improves the HetNet deployment performance gain.

· In general, even with 50% clustering UE dropping, LPNs are still less loaded as compared to Macro nodes. 
3
Simulation Results for Uniform UE Dropping

In additional to 50% cluster UE dropping, we also consider uniform UE dropping and provide corresponding system performance results.

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

It is obvious to see that, compared to 50% cluster dropping; uniform UE dropping results in fewer percentages of UEs being offloaded to LPNs. Based on the previous discussion, offloading percentage is an important metric that determines the gains from LPN deployment. As a result, smaller system performance improvement can be achieved under uniform UE dropping.
Furthermore, unlike the 50% cluster simulation where the Cluster radius and hence the UE distribution is adjusted according to the LPN transmit power, in uniform dropping, deploying LPNs with larger transmit power provides more UE offloading compared to the LPNs with low transmit power. As a result, large transmit power LPN deployment offers higher system performance gain for uniform UE dropping.

Table 4: HetNets DL Full Buffer Performance with 37dBm LPNs and Uniform UE Dropping

	LPN Density
	CIO [dB]
	Downlink Throughput Gain [%]
	Offloading Percentage
(%)

	
	
	Mean
	Median
	5 percentile
	

	1
	0
	56%
	12%
	1%
	9%

	
	3
	57%
	21%
	8%
	13%

	2
	0
	98%
	29%
	16%
	16%

	
	3
	100%
	44%
	30%
	23%

	4
	0
	176%
	64%
	23%
	29%

	
	3
	181%
	89%
	53%
	39%


Table 5: HetNets DL Full Buffer Performance with 30dBm LPNs and Uniform UE Dropping
	LPN Density
	CIO [dB]
	Downlink Throughput Gain [%]
	Offloading Percentage
(%)

	
	
	Mean
	Median
	5 percentile
	

	1
	0
	32%
	6%
	-1%
	4%

	
	3
	43%
	13%
	2%
	6%

	2
	0
	50%
	12%
	8%
	6%

	
	3
	55%
	19%
	13%
	10%

	4
	0
	87%
	22%
	8%
	13%

	
	3
	96%
	37%
	20%
	19%


Table 6 HetNets DL Full Buffer Performance with 24dBm LPNs and Uniform UE Dropping
	LPN Density
	CIO [dB]
	Downlink Throughput Gain [%]
	Offloading Percentage
(%)

	
	
	Mean
	Median
	5 percentile
	

	1
	0
	16%
	2%
	-1%
	2%

	
	3
	19%
	5%
	-1%
	3%

	2
	0
	23%
	4%
	3%
	3%

	
	3
	26%
	8%
	6%
	4%

	4
	0
	39%
	7%
	2%
	5%

	
	3
	46%
	14%
	6%
	8%


4
Conclusions

In this contribution, system performance simulation results are presented for single carrier co-channel HetNet deployment for UMTS, focusing on the full buffer traffic source. 

Below is a summary of our observations:

· LPN deployment significantly improves both the system capacity as well as system coverage.

· Given the same UE location, the performance gain from LPN deployment improves with the number of LPNs being deployed, LPN being deployed with larger transmit power, and LPN being deployed in hotspot where more users are present.

· Compared to CIO = 0 dB, applying moderate CIO 3dB allows more UEs to be offloaded to LPNs, which in turn improves the HetNet deployment performance gain, especially the system fairness.

· Even with current 50% clustering of users around hotspot LPNs used in these simulations, LPNs are still much less loaded compared to Macro nodes. For uniformly, even with 37dBm LPN deployment, LPN is much less loaded compared to Macro. Techniques that help to offload more UEs from Macro to LPNs may further improve the system performance. 
Proposal: The results presented in this contribution are captured in the TR
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