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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 uplink system performance in co-channel scenarios to the Technical Report [2].
2
Text Proposal

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

7.x.2 Uplink system performance
Below are further clarifications of the simulation assumptions for the uplink system evaluation. 

· Outdoor path loss model is assumed. 

· Channel model is assumed to be PA3.
· UE targets 1% BLER after four transmissions.

· LPN noise figure is assumed to be the same as the noise figure of Macro nodes. 

· 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.

· RoT statistics. It is considered only the RoT for non-empty cells. A non-empty cell is defined as a cell that serves at least one UE. The statistics of both average RoT and 90% point at the RoT CDF (cumulative distribution function) for Macro nodes and LPNs, are shown separately. The 90% RoT indicates those cells in the system that are experiencing very high out-cell interference. The 90% RoT gives an understanding of the interference problem caused by a HetNet deployment.

As discussed in clause 6.1, the UL/DL imbalance that occurs with the deployment of LPNs creates interference issues in the uplink between Macro and LPN, and this affects the reliability of the uplink control channels, including HS-DPCCH reception at the serving cell. The impact of UL/DL imbalance on HS-DPCCH is discussed in clause 6.1.4.2 and the evaluation of potential solutions in clause 7.1.4. The system simulations shown here assume ideal HS-DPCCH decoding, and the power consumption for transmitting control information in the uplink is unchanged respect to the baseline deployment where LPNs are not present in the Macro cell. It is noted that if additional power is needed for the transmission of control information in the uplink in HetNet deployments, the impact on UL system performance needs to be considered. 

The simulation results from different companies are collected in R1-13xxxx. It is observed that there are differences between the simulation results and averaging all results is not possible. However some results are quite aligned and give a good indication of the range of expected uplink gains when deploying LPNs in Macro cells.
From the simulation results with uniform UE dropping, 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. For example, by placing 1 37dBm LPN per Macro area, around 15% of the UEs are offloaded to LPNs and then around 100% average throughput is achieved. When placing 4 37dBm LPNs per Macro area, around 40% of the UEs are offloaded to LPNs and then above 250% average throughput can be achieved. 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 performance gains.
From the simulation results with 50% clustering UE dropping, it is observed that a larger percentage of UEs is offloaded compared with uniform UE dropping. As a result, the UE throughput gains are larger. For example, by placing 4 37dBm LPNs per Macro area, around 50% of the UEs are offloaded to LPNs and then average throughputs on the order of 300-350% can be achieved.
With the deployment of LPNs with 30dBm or 24dBm power, the power difference between the Macro and LPN is large and the interference issue becomes more relevant as the interference generated by the Macro UE to LPN becomes large. The RoT of the LPN then can be higher than the target RoT and consequently the LPN UEs will receive a smaller grant. It has been observed in the simulations that, as the loading on LPN is much lower than the loading on Macro, 5% tail throughput gains can be achieved even though LPN RoT can be higher than the target of 6dB. Even with the 50% clustering of users around LPNs used in these simulations, LPNs are generally less loaded compared to Macro nodes.
The case when SHO is not allowed between Macro and LPN has been investigated. It is observed that significant interference issues in terms of performance loss at the 5% UE throughput exist. For low LPN density (1, 2 LPN/Macro), the problem is even worse when CIO is 3dB. With the increase of CIO from 0dB to 3dB, more UEs are offloaded to LPNs. Since LPN is typically less loaded compared to Macro, LPN UE tends to receive large grants and hence transmit at higher power which may cause large interference to the neighbouring Macro. Considering the example of 1 LPN/Macro, 90% Macro RoT is at 5.9dB for CIO 0dB, and increases to 6.3dB for CIO 3dB. The 5% tail performance loss increases from -9% to -34%. This suggests that without appropriate interference management, offloading too many UEs to LPN could negatively impact the UL performance.
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 computed as the burst rate of the UEs at 5% tail across all UEs in the system

· Offloading percentage

· RoT statistics
Similar to the performance for the full buffer traffic model, it is observed that when placing LPNs within the Macro area, the average and edge UE burst rates increase significantly, and the gains increase when increasing the number of LPNs per Macro area and/or increasing the transmit power of the LPNs. Larger gains are found for the 50% clustering UE dropping as a larger percentage of UEs are offloaded to the LPNs.  
In conclusion, from the evaluation of the uplink system performance for HetNets in co-channel scenarios it is observed:

· LPN deployment significantly improves the system capacity and 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 UEs are present.

· Allowing SHO between Macro and LPN is very important to improve the UL performance as well as manage UL interference between Macro and LPN. 

· UL interference issues becomes more severe as the transmit power difference between LPN and Macro increases. Combined with allowing SHO between Macro and LPN, applying fixed LPN UL padding can help mitigate the UL interference issues.
[---------------------------------------------------------------- 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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