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1. Introduction

The study of HetNets started in RAN1#70bis. As [1] indicates, range expansion is an important technique to investigate for this study item. In this paper, we give some initial analysis on range expansion techniques in both co-channel deployment scenario and multi-carrier deployment scenario.

2. Range expansion in co-channel deployment scenario
2.1 Parameter optimization
As illustrated in [2], the small cell coverage shrinks quickly when the small cell is deployed near the macro cell. Range expansion (RE) is a technique to have more UEs served by the small cell. 

For the legacy networks, RE can be applied by simply optimizing the cell individual offset (CIO) in serving cell selection. In heterogeneous networks, the CIO value would be optimized to allow more UEs to be offloaded to the small cell, and the downlink throughput can be improved. However, the small cell UEs located in the new regions served by the small cell after applying RE, would suffer strong downlink interference from the macro cell. As illustrated in [2], RE has a severe impact on the downlink performance of the small cell UEs in the RE region due to the substantial downlink interference from the macro cell.
From the initial evaluation of the interference scenario when applying RE technique, we observe the following: 
· Interference to small cell UE geometry: from the simulation results in [2], 80% of the small cell UE geometry is below 0 dB when RE = 9 dB, while for RE = 0 dB, this number is only 35%. The channel quality of the downlink is poor and it would cost the small cell more transmit power to support data transmission to the UE in the RE region.

· RE has also an impact on the uplink performance. This is because the downlink control signals suffer strong downlink interference from the macro cell. Without proper control information, the uplink performance would also be affected.
According to the above analysis, it can be seen that downlink interference from the macro cell is the major source to limit the performance of the network after RE. Advanced RE technologies are required to mitigate such interference in the RE region. 
2.2 Restricted resource subframes
From the analysis above, it can be seen that downlink interference from the macro cell is the major source to limit the overall performance of the HetNet when RE is applied. In order to reduce the downlink interference from the macro cell, it is natural to restrict the resource of the macro cell so that such interference is also reduced. One example is to restrict the transmission of the macro cell HSDPA traffic on the subframes according to a certain pattern. 
Figure 1 illustrates the RRS operation. Range expansion leads to three regions: macro cell serving region, RE region and small cell serving region. For the UE in the macro cell serving region, full resource can be scheduled in the non-RRS subframes, while only restricted resource can be used in the RRS subframes. In the RE region, the UE is served by the small cell and can be scheduled by the small cell in the RRS subframes. Since the macro cell is not serving the macro UEs in RRS subframes, macro cell downlink interference to this UE can be substantially reduced. In the small cell serving region, the UE can be scheduled by the small cell in both RRS and non-RRS subframes. 
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Figure 1 Illustration of RRS operation
The RRS pattern indicates the RRS subframes and the non-RRS subframes. This pattern is applied periodically to the base stations according to the RRS operation, and the timing of this RRS pattern is TTI aligned with HS-PDSCH subframes. An RRS pattern 11110000 means that the first 4 subframes are RRS subframes while the last 4 subframes are non-RRS subframes. With RRS operation, we need to consider the following aspects:

· Synchronization. Since the small cell signals can suffer less interference from the macro cell only in RRS subframes, small cell and macro cell shall be synchronized. 

· Resources to be restricted. These resources should be related to HSDPA only, as to minimize the impact to voice traffic and legacy UEs. The restricted resources could include, but not limited to signal power, channelization codes, modulation types, etc. The downlink performance of small cell UEs could benefit from advanced receivers.
· Measurements. The interference level observed at the UE in the RE region would have large dynamic range between RRS subframes and non-RRS subframes. CSI report for the small cell UE should consider RRS so that the Node B would not use the incorrect information to schedule data to the small cell UE in the RE region. Radio link monitoring shall also consider the RRS subframes in order to avoid incorrect radio link failure report. In order to offload more UE to the small cell, it would be beneficial if macro UE pilot RSCP measurement for the small cell is adapted to the RRS operation.
· RRS information notification. Since the measurements affect small cell UE in the RE region and possibly some macro UEs, the network would need to identify those UEs and to notify RRS information to them. New mechanisms will be needed.
· Multi-flow. When UE is in the RE region, its performance could be further improved by SFDC technique in Multi-flow. Figure 2 illustrates the possible SFDC scenario. In non-RRS subframes, the UE in the small cell edge and the RE region could be served by both macro cell and small cell. In RRS subframes, those UEs could not only be served by the small cell, but also by the macro cell unrestricted resources as well. Considerations on SFDC in RRS can be explored in the range expansion study.
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Figure 2 SFDC in non-RRS subframe and RRS subframe
3. Range expansion in multi-carrier scenario
For convenience, we assume the maximum number of carriers for each Node B is 2. The following options can be considered in multi-carrier scenario depending on the transmit power configurations:

a. Each carrier in the Node B has the same transmit power

In this configuration, the small cell coverage on both carriers is limited. Similar to the co-channel scenario, both parameter optimization and RRS could be applied to either one of the carrier or to both carriers at the small cell. Multi-flow techniques such as DFDC, DF3C and DF4C would be investigated to improve the UE downlink performance. If both carriers have the same configurations on parameters and/or RRS, then DF4C can be investigated because the edge would have 4 carriers. If only one carrier has the configurations on parameters and/or RRS, DFDC and/or DF3C can be used. Figure 3 illustrates the possible Multi-flow modes:
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Figure 3 Possible Multi-flow modes in the Multi-Carrier scenario
b. Each carrier in the Node B has different transmit power

In this configuration, one of the macro cell carrier transmit power is always reduced while the range of the corresponding small cell carrier is expanded. This can be considered as a special case of RRS where one of the macro cell’s power resources is limited and the pattern for that carrier only contains RRS subframes. Initial analysis on this scenario has been provided in [3]. It can be expected that more UEs will be offloaded to the small cell and the Multi-flow techniques can be used to improve the cell edge UE performance. 
4. Conclusions

This paper gives a general analysis on the range expansion techniques in co-channel and multi-carrier scenarios. We suggest considering RRS together with Multi-flow techniques to achieve a better load balancing in the network. It can be expected that if the use of the resources of the small cell and the macro cell can be jointly optimized, the overall performance of HetNet could be improved by applying range expansion techniques.
5. References
[1] RP-121436, Proposed SID: Study on UMTS Heterogeneous Networks, Huawei, HiSilicon
[2] R1-125134, Initial simulation results for DL co-channel scenarios, Huawei, HiSilicon
[3] R1-124530, Range expansion techniques for HetNets, Qualcomm Incorporated

































3/4

