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1
Introduction

In TSG-RAN#57 a new study item, “Study on UMTS Heterogeneous Networks”, was approved [1]. In this contribution we provide a text proposal on downlink system performance in co-channel scenarios to the Technical Report [2]. 
2
Text Proposal

[------------------------------------------------------------- TEXT START --------------------------------------------------------------]

7.X Performance evaluation of HetNets in Co-channel scenarios
For the evaluation of downlink and uplink system performance for HetNets in Single Carrier (SC) Co-channel scenarios, full buffer and bursty traffic models are considered. System simulation assumptions are summarized in Annex A.1 and system performance evaluation metrics in Annex A.2. The gains are presented as the percentage increase over the baseline throughput. The baseline throughput is obtained when LPNs are not present in the Macro cell.

7.x.1 Downlink system performance
Below are further clarifications of the simulation assumptions for the downlink system evaluation. 
· Outdoor path loss model is 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 is assumed to be PA3. Since HetNet deployment benefits the system performance mostly through offloading, the gain is expected not to be very sensitive to the channel model. 

· Only SIMO case is assumed.

· 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.
· For the UE positions, two dropping criteria are considered: uniform UE dropping and 50% clustering UE dropping, as described in Annex A.1.
For the full buffer traffic model, the following 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 calculated as the median throughput of all UEs in the system.
· 5% UE throughput (edge throughput): it is calculated as the throughput of the UEs at 5% tail across all UEs in the system.
· Offloading Percentage: it is calculated as the percentage of UEs among all UEs that are served by LPNs in the system.
The simulation results obtained by different companies are collected in R1-13xxxx. Most of the results are reasonably aligned and show similar performance trends. However, it is important to note that when averaging all results there are some variations in the resulting performance that may suggest slightly different conclusions from the obvious conclusions that can be drawn independently from the results of most companies. Here we show the resulting performance which gives an indication of the achievable gains of HetNet deployment in co-channel scenarios. For further details it is suggested to refer to the extensive simulation results available in R1-13xxxx, and in several other contributions in RAN1#71 and up to RAN1#73. 
Table X shows the UE throughput gains for a HetNet scenario with full buffer traffic and uniform UE dropping (random scenario), with 37dBm, 30dBm and 24dBm LPNs.
Table X: Downlink Full Buffer performance with uniform UE dropping

	LPN Power
	LPN Num
	CIO        [dB]
	 Downlink Throughput Gain [%]
	Offloading            [%]

	
	
	
	Mean 
	Median 
	5%
	

	
	
	
	
	
	
	

	37dBm
	1
	0
	57%
	15%
	1%
	10%

	
	
	3
	57%
	24%
	8%
	13%

	
	2
	0
	100%
	30%
	20%
	16%

	
	
	3
	110%
	50%
	27%
	23%

	
	4
	0
	195%
	79%
	25%
	31%

	
	
	3
	201%
	103%
	56%
	39%

	30dBm
	1
	0
	33%
	7%
	3%
	4%

	
	
	3
	39%
	13%
	2%
	6%

	
	2
	0
	52%
	11%
	10%
	6%

	
	
	3
	61%
	23%
	12%
	11%

	
	4
	0
	113%
	28%
	8%
	14%

	
	
	3
	109%
	46%
	23%
	19%

	24dBm
	1
	0
	16%
	2%
	-1%
	2%

	
	
	3
	19%
	5%
	-1%
	3%

	
	2
	0
	23%
	4%
	3%
	5%

	
	
	3
	26%
	8%
	6%
	4%

	
	4
	0
	39%
	7%
	2%
	8%

	
	
	3
	46%
	14%
	6%
	8%


From the simulation results, it is observed that when placing LPNs within the Macro area, the average, median and edge throughputs increase significantly, and throughput increases when increasing the number of LPNs per Macro area and/or increasing the transmit power of the LPNs. The cell edge throughput gains are significantly less than the average throughput gains. This is because adding LPNs in the Macro coverage areas introduces more interference in the system and the interference has a more significant impact on cell edge UEs. To increase throughput gains, more UEs can be offloaded from Macro nodes to LPNs by applying the cell individual offset (CIO) to bias towards the LPNs during serving cell selection. As shown, with a CIO of 3 dB the offloading percentages increases and consequently the throughput. Using a larger 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. From simulation results, not shown here, it has been observed performance loss for cell edge UEs while CIO values above 6 dB are applied. Advanced receivers which are capable of performing interference cancellation can be used to improve HetNet deployment performance when applying a large CIO.
Table X shows the UE throughput improvements for a HetNet scenario with full buffer traffic and 50% clustering UE dropping (hotspot scenario), with 37dBm, 30dBm and 24dBm LPNs.
Table X: Downlink Full Buffer performance with 50% clustering UE dropping
	LPN Power
	LPN Num
	CIO        [dB]
	Downlink Throughput Gain [%]
	Offloading            [%]

	
	
	
	Mean 
	Median 
	5%
	

	
	
	
	
	
	
	

	37dBm
	1
	0
	100%
	56%
	32%
	26%

	
	
	3
	93%
	67%
	43%
	32%

	
	2
	0
	175%
	77%
	41%
	30%

	
	
	3
	164%
	104%
	61%
	40%

	
	4
	0
	296%
	137%
	65%
	41%

	
	
	3
	284%
	177%
	104%
	51%

	30dBm
	1
	0
	95%
	56%
	42%
	25%

	
	
	3
	92%
	67%
	45%
	30%

	
	2
	0
	157%
	65%
	44%
	26%

	
	
	3
	160%
	90%
	53%
	32%

	
	4
	0
	258%
	84%
	43%
	31%

	
	
	3
	271%
	127%
	67%
	38%

	24dBm
	1
	0
	98%
	59%
	47%
	26%

	
	
	3
	96%
	73%
	58%
	32%

	
	2
	0
	155%
	61%
	30%
	25%

	
	
	3
	156%
	85%
	50%
	32%

	
	4
	0
	247%
	80%
	29%
	28%

	
	
	3
	266%
	114%
	52%
	34%


As shown, the percentage of UEs served by LPNs is higher in the hotspot scenario than in the random scenario. The percentage of offloaded UEs increases if more LPNs are deployed within a Macro cell coverage area, and if the transmit power of the LPN is higher. The higher offloading percentage benefits the average, median and edge throughputs which are all significantly higher than the throughputs in random scenario. Thus, comparing with random scenario, higher gains can be achieved in the hotspot scenario. 
For the bursty traffic model, the following system performance metrics are considered:

· Average UE burst rate: it is calculated as the average burst rate of all UEs in the system

· 5% UE burst rate: it is calculated as the burst rate of the UEs at 5% tail across all UEs in the system

· Offloading Percentage: it is calculated as the percentage of UEs among all UEs that are served by LPNs in the system.

· Average TTI utilization: For each cell, the TTI utilization is defined as the percentage of TTIs during which each cell schedules a packet to at least one UE. The TTI utilization is averaged over all non-empty cells (Macro cells and LPNs). A non-empty cell is defined as a cell that serves at least one UE.
· Percentage of UEs that are in outage: It is defined as the percentage of UEs whose average burst rate is lower than the offered load (the offered load is assumed 400kbps per UE).
Table X shows the UE throughput improvements for a HetNet scenario with bursty traffic and uniform UE dropping, with 37dBm, 30dBm and 24dBm LPNs. 

Table X: Downlink Bursty Traffic performance with uniform UE dropping, 16 UEs 
	LPN Power
	LPN Num
	CIO        [dB]
	16 UE/Macro
	Offloading
[%]

	
	
	
	Average Burst Rate Gain 
	5% Burst Rate Gain
	

	
	
	
	
	
	

	37dBm
	1
	0
	37%
	31%
	8%

	
	
	3
	50%
	52%
	13%

	
	2
	0
	67%
	144%
	17%

	
	
	3
	91%
	175%
	24%

	
	4
	0
	166%
	223%
	32%

	
	
	3
	152%
	378%
	40%

	30dBm
	1
	0
	16%
	11%
	3%

	
	
	3
	25%
	18%
	5%

	
	2
	0
	25%
	29%
	7%

	
	
	3
	44%
	55%
	11%

	
	4
	0
	87%
	76%
	17%

	
	
	3
	90%
	144%
	21%

	24dBm
	1
	0
	9%
	11%
	1%

	
	
	3
	11%
	14%
	2%

	
	2
	0
	11%
	9%
	3%

	
	
	3
	15%
	18%
	4%

	
	4
	0
	19%
	19%
	5%

	
	
	3
	30%
	55%
	8%


From the simulation results, it can be clearly seen that there is significant performance benefit from HetNet deployment in terms of both the system capacity (average burst rate) and the system coverage (5% burst rate), especially at high load. By increasing the LPN transmit power and the number of LPNs, higher burst rate gains can be achieved as more UEs are offloaded from the Macro cells to the LPNs. For example, by placing 4 37dBm LPNs per Macro area, around 40% of the UEs are offloaded to LPNs and then more than 150% average gain in burst rate can be achieved.
It is also important to note that, the system performance improvement from a HetNet deployment mostly comes from offloading. Given the current simulation assumption, 500m ISD, the system is interference limited. LPN deployment does not have significant improvement on the UE geometry distribution as the system is still interference limited. For the burst traffic simulation, there are two extremes.

· One extreme is that the system is sparsely loaded. In this case, the UE burst rate is close to the UE peak rate, since, statistically speaking, the UE does not need to compete with other UEs when burst arrives. As a result, the gain from LPN deployment is very limited.

· The other extreme is that the system is heavily loaded. In this case, the UE burst rate gain not only relies on the UE geometry, but also highly relies on the loading of the cell. LPN deployment helps reduce the loading for each cell, and therefore, significantly improves the UE burst rate.

 Table X shows the UE throughput improvements for a HetNet scenario with bursty traffic and 50% clustering UE dropping, with 37dBm, 30dBm and 24dBm LPNs. 
Table Y: Downlink Bursty Traffic performance with 50% clustering UE dropping, 16 UEs 
	LPN Power
	LPN Num
	CIO        [dB]
	16 UE/Macro
	Offloading 
[%]

	
	
	
	Average Burst Rate Gain 
	5% Burst Rate Gain
	

	
	
	
	
	
	

	37dBm
	1
	0
	145%
	180%
	26%

	
	
	3
	150%
	228%
	32%

	
	2
	0
	181%
	270%
	30%

	
	
	3
	200%
	392%
	38%

	
	4
	0
	236%
	368%
	41%

	
	
	3
	258%
	627%
	50%

	30dBm
	1
	0
	149%
	148%
	24%

	
	
	3
	159%
	240%
	30%

	
	2
	0
	172%
	262%
	26%

	
	
	3
	180%
	341%
	32%

	
	4
	0
	193%
	243%
	31%

	
	
	3
	217%
	435%
	40%

	24dBm
	1
	0
	124%
	302%
	25%

	
	
	3
	142%
	488%
	31%

	
	2
	0
	124%
	316%
	27%

	
	
	3
	149%
	532%
	34%

	
	4
	0
	122%
	357%
	25%

	
	
	3
	147%
	575%
	33%


Compared to uniform UE dropping, for 50% clustering UE dropping higher percentages of UEs are offloaded to LPNs and larger system performance improvements are achievable. However even with the 50% clustering of users around LPNs, LPNs are still much less loaded compared to Macro nodes. For the 50% clustering UE dropping simulations, the UE distribution is adjusted according to the LPN transmit power. 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. As a consequence, the additional systems gains due to the deployment of LPNs with larger transmit power is less significant in 50% clustering UE dropping than in uniform UE dropping where deploying LPNs with larger transmit power provides more UE offloading compared to LPNs with low transmit power.
Regarding the TTI utilization, from simulation results captured in R1-13xxxx, it is observed that even if placing 4 LPNs with 37dBm transmit power, the TTI utilization of non-empty LPNs is significantly less than the TTI utilization for Macro cells. 
It is important to emphasize that the deployment of HetNets is targeted for performance improvements when the system is capacity limited (highly loaded) in the pure Macro only system. As observed from the simulation results, the performance improvements from HetNet deployment dramatically increase as the load in the system increases. At extremely low load scenario (around 10-20% average Macro TTI utilization in the baseline), there may be a small to medium loss from HetNet as it introduces additional interference into the system.
The consideration of the outage metric is important because for UEs characterized as in outage, their burst rate eventually approaches zero as the simulation time increases. The bursty traffic model used in the HetNet simulations and described in Annexes A.1 and A.2, is an “open loop” model. The arrival of the burst follows the pre-defined statistic model, irrespective of the current queue status (length), as well as the UE physical layer supportable data rate. The computation of burst rate considers both the over the air transmission delay and the queuing delay. Given such a bursty traffic model, as the number of UEs increases, each UE has less chance of being scheduled by the NodeB, hence its physical layer supportable data rate reduces. When the UE physical layer supportable data rate becomes lower than the offered load from the bursty traffic source, the UE starts to have an unstable queue, i.e. the queue starts to build up and the queue length keeps increasing as the simulation time increases. Under such an unstable queue, the later burst that arrives at the queue observes increasingly larger queuing delay and, consequently, smaller and smaller burst rate. As a result, for the UEs whose physical layer supportable data rate (average burst rate) are lower than the offered load, their burst rate eventually approaches zero. The fact that the outage percentage increases with the simulation time in the baseline case makes it difficult to quantify accurately the HetNet gain over the Macro-only baseline. It is desirable to further study the effect of a reduced file size to ensure a reliable baseline.
As an example, Figure X shows the CDF of the average burst rate for the HetNet deployment with 4 LPNs and the baseline deployment with only Macro cells. The UEs suffering from outage are visualized by the part of CDF lying on the left of the offered load line. In the Macro only scenario about 30% of the UEs experience burst rate inferior to the average offered rate. In the HetNet scenario only less than 1% of the users fails to transmit at or above the average offered data rate. It can be then be concluded that adding 4 LPNs practically eliminates the outage problem given the assumed burst traffic parameters.
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Figure X: Average burst rate CDF for baseline and HetNet deployment, with offered load of 400 kbps.
In conclusion, from the evaluation of the downlink system performance for HetNets in co-channel scenarios it is observed:

· LPN deployment significantly improves both the average user experience and worst case user experience.
· Compared to full buffer, bursty traffic shows significantly higher tail user experience gain, especially for highly loaded system.

· LPN deployment significantly reduces the percentage of UEs that are in outage.
· Given the same UE location, the performance gain from LPN deployment improves with the number of LPNs, the larger transmit power of the LPNs, LPN being deployed in hotspot where more UEs are present, and LPN being deployed in highly loaded system.

· 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 at high load. Applying larger CIO values increases the number of offloaded UEs, however the reliability of the downlink control channel needs to be taken into consideration. The evaluation of the downlink control channel is done in clause x.x.x.
[---------------------------------------------------------------- TEXT END --------------------------------------------------------------]
3
Conclusions

It is proposed to capture the text proposal in this document in the UMTS HetNet TR [2]. 
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