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1. Introduction

At RAN#57, a Rel-12 new study item “Study on UMTS Heterogeneous Networks” was approved [1]. There are five main objectives of this study, summarized as below.
1.
Define deployment scenarios and simulation assumptions for heterogeneous networks 

2.
Investigate uplink and downlink interference issues and solutions for co-channel deployment of macro and small cells

3.
Investigate range expansion techniques with multiflow

4.
Investigate mobility issues, performance impacts and possible optimizations for both co-channel and dedicated frequency deployments of macro and small cells

5.
Investigate issues and solutions in shared cells scenarios, where shared cell refers to one cell over several transmission points.
RAN1 has included some findings in the draft TR 25.800, i.e., the deployment scenarios, interference issues and optional solutions for the co-channel deployment. And RAN2 has decided the deployment scenarios for the mobility, and will continue evaluating the issue.
2. Scenarios
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Figure 1 Overview of HetNet scenarios
For HetNet we can distinguish the following scenarios: 
· Co-channel deployment scenario: small cell 1 and macro 1 is a co-channel scenario, where UE3 positioned on the cell edge can be served by both macro 1 and small cell 1, while UE4 is only served by small cell 1. 
· Dedicated frequency deployment scenario: macro 2 and small cell 2 is a dedicated frequency scenario, where UE5 is served by macro’s f1 and small cell’s f2. 
· Multi-carrier deployment scenario: macro 2 and small cell 3 is multi-carrier scenario, where UE6 is served by macro 2’s f1+f2 and small cell 3’s f1+f2. 
3. Co-channel scenario
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Figure 2 UL/DL interference
A: The UL boundary where UE path loss to the macro cell and to the small cell is the same.
B: The DL boundary where the UE can measure same Ec/N0 of the pilot signals from the macro and the small cell. 

C and D indicate the SHO area of the macro and the small cell. 

The interference issue occurs in the locations near the macro and small cell edge. The next subsections will discuss different interference scenarios that occur depending on the location of the UE. 
3.1 Uplink interference issue
1) UL interference from macro UEs to small cell
This type of interference occurs when the Macro UE is roughly located in the AC area (red area) in Figure 3, where the UE is not in SHO but the path loss to the small cell is less than that to the macro cell. The macro UE will transmit at high power as a result of uplink power control from the macro cell, and will create interference in the small cell uplink. There are some possible options discussed to solve the issue:

· Extending the SHO area is one technique for the small cell to control the interference generated by the macro UEs at the small cell edge.
· The desensitizing technique is for the small cell to defend the interference by the macro UE. The solution may increase the UL interference to the macro cell instead.
2) UL interference from small UEs to macro cell
This type of interference is generated by the small cell UEs within the small cell coverage and not in SHO. The UE served by the small cell may receive a large serving grant and transmit at high power. This can generate considerable uplink interference to the macro cell while the macro cell cannot control this interference. When there are many small cells deployed within the macro cell, the number of UEs served by small cells could be very large, and this type of interference would be increased significantly. 
3.2 Downlink interference issue
1) Downlink interference from macro cell to small cell UE
This type of interference occurs when the small cell UE is located near point B in Figure 2. The macro cell downlink transmission will create interference to the small cell UE downlink reception. Generally, the UE will change its serving cell at point B if the CIO of event 1D is 0 dB. In this case, the macro downlink interference to the small cell UE is not very strong, because after serving cell change the received signal from the macro cell is less than that from the small cell.
Since it is desired to offload more UEs to the small cell, the CIO for serving cell change could be modified so that serving cell change point is moved towards the macro. In this way, the coverage of the small cell is enlarged, so that UEs in area A to B may also be served by the small cell. But the DL interference from the macro to the small cell UE will be stronger. There are some possible options discussed to solve the issue:
· Multi-flow technique can improve the downlink performance of the UE in the macro and small cell edge.
· Coordinating the Restricted Resource Sub-frame between the macro cell and small cell. The RRS resource could be RRS on transport format or on power.
· UE can use prior knowledge to perform Interference Cancel with less resource.
2) Downlink interference from small cell to macro cell UE

This type of interference occurs for the macro UEs in the SHO area with the macro as the serving cell and the macro UEs near the point C. The small cell downlink signal will be the interference to those macro UEs. Because the small cells offload some macro UEs, the performance loss caused by the small cell downlink interference is moderate compared to the offload gain. The options in bullet 1) could also be applied to this issue.
3.3 HS-DPCCH reception issue

This issue occurs when the UE is in the SHO area, and the UE serving cell is macro. Since the path loss to the small cell is less than that to the macro, the small cell is more likely to take control of the transmit power of the UE, the received power of HS-DPCCH at the macro is less than at the small cell. As a result, the poor reception quality of the HS-DPCCH significantly degrades macro HSDPA performance. Performance degradation happens also for HSUPA, as the macro cannot receive the SI and Happy bit to determine the serving grant for the macro UE. Some possible options have been discussed to solve the issue:
· Increasing the SIR target for the small cell, UE reduces E-DPDCH PO to decrease the excessive power at the small cell.
· Adding the new pilot in the HS-DPCCH when UE enters the imbalance region, the new pilot is power controlled by macro cell only. The macro uses it to decode HS-DPCCH and sends new TPC channel to control the power of the new pilot.
· Separating the uplink reception and downlink transmission, the macro cell as the serving cell sends the downlink data; the small cell receives the Uplink data. Small cell forwards the uplink HS-DPCCH information to the macro cell for the downlink schedule. 
3.4 Small cell coverage issue
As a consequence of the macro downlink interference to the downlink small cell, the small cell coverage will reduce as the small cell is deployed closer to the macro cell centre. Deploying small cell within the macro coverage, the small cell coverage is determined by 

CPICH RSCP (small cell) > CPICH RSCP (macro)

Because the received signal from the macro is stronger at the macro cell centre with respect to the macro cell edge, the small cell can have larger coverage if deployed at macro cell edge (CPICH RSCP (macro) is low). Small cell coverage will shrink quickly if deployed near the macro cell centre (CPICH RSCP (macro) is high). 
4. Range expansion with Multiflow

4.1 Range expansion with single frequency multiflow

The main method to expand the small cell coverage is to add a CIO (xdB) to the small cell. The UE will report 1D measurements when the P-CPICH of small cell is xdB less than the threshold and the network will change the serving cell of the UE although the downlink of the small cell is weaker than the macro cell.

After the range expansion, the macro-small cell SHO area would be enlarged, and more UEs can operate in SF-DC mode. It is expected that the UE throughput in SHO area will be increased.
4.2 Range expansion with dual frequency multiflow

The macro cells and small cells share two frequencies. The method to expand the small cell coverage is to reduce the macro power in one frequency (e.g. F2). After the range extension, more UEs could be offloaded to the small cell, UEs receive the data on both frequencies of the macro cell and the small cell in the overlapped area.
5. Mobility issues and enhancements
5.1 UE discovery and identification of small cells
For inter-layer (Inter-frequency/inter-RAT) small cell deployments, it is required that the UE under the coverage of the small cell can select/reselect/handover to the small cell for the macro UE offloading for the capacity improvement. 

There are two scenarios for small cell discovery:

· For non CELL_DCH: UE needs to have a method to discover the small cell and trigger the measurement procedure to select/reselect to the small cell.

· For CELL_DCH: the network needs to have a method to discover that the UE is near a small cell and then activate the measurement gap for UE to do measurements in the small cell.
Generally UE detects the inter-layer small cell by the inter-layer measurement gap. It causes the high power consumption and data transmission interrupt. There are some options to solve the issue:
· UE/the network discovers the small cell based on the proximity detection.
· Extend the measurement period.
5.2 UE speed and handover performance
The coverage of small cell is much smaller than the macro cell, and typically the radio channel of small cell will change faster than the macro cell channel. A high speed UE served by the small cell will cause many handovers and potentially a high ratio of call drops. There are some options discussed to solve the issue.
· UE in high speed reselects to the macro cell.
· UE in the small cell adds the macro cell to the active set as earlier as possible and keeps at least one macro cell in the active set. The network makes the different mobility handling for the macro cell layer and the small cell layer.
5.3 Mobility issues of mass small cell deployment 
Depending on the requirements of system throughput gain, many small cells may be deployed in macro cell coverage. To support the mobility, the Primary Scrambling Code (PSC) of small cells is required to be added into the Neighbour Cell List (NCL) of the macro cell. 

Typically, the small cell will be deployed into the macro cell network and can only use the free space of macro NCL. In most of the cases, the spare space of macro NCL is less than 10. It is possible not to add all of the PSC of small cells into the NCL if each small cell is assigned with a dedicated PSC in the coverage of macro cell.

There are three ways to solve this issue.
· The network assigns the unique PSC of the neighbour cells and sends the maximum 32 cells to the UE. UE detects the small cell PSC outside of the NCL by the way of the detected set.
· Extend the NCL size to accommodate more PSCs.

· Share the PSC among small cells, which means several small cells share the same PSC in macro cell coverage. 
5.4 Mobility enhancements for multi-flow deployments
Based on Rel-11 agreements, UE will only do measurements on the used frequency while operating in multi-flow. We observe that there are two requirements to be discussed in Rel-12 with the introduction of multi-flow with HetNet.

· UE measurements on the non-used frequency while operating in multi-flow.

· The best frequency of UE may be changed while UE moves in the HetNet area. How to let the network know the current best frequency needs to be discussed.
6. Conclusions
In this document we give an overview of the UMTS HetNet study. It is proposed for RAN3 to discuss the possible impacts based on the potential solutions.
7. References

[1] RP-121436, “Proposed SID: Study on UMTS Heterogeneous Networks,” Huawei, HiSilicon

[2] R1-124467, “Overview of UMTS Heterogenous Networks,” Huawei, HiSilicon
2/7

