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1. Introduction

After RAN1#73, some agreements have been reached on the Rel-12 enhancement solutions to handle the UL control channel reception problem and the UL/DL mismatch issue in [1]; and after RAN2#82, the possible solutions to solve the mobility issue have been captured in [1], also the mobility performance issue in case of the multi-flow operation
2. Discussion
2.1 UL control channel reception issue in macro and small cell SHO area
This issue occurs when the UE is in the macro and small cell SHO area, and the UE serving cell is macro. Since the path loss to the small cell is less than the one to the macro, the small cell is most likely to take control of the uplink transmit power of the UE, and the received power of DPCCH and HS-DPCCH at the macro is less than the one at the small cell. As a result, the poor reception quality of the DPCCH and HS-DPCCH significantly degrades macro HSDPA performance. The 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 solutions have been listed in TR 25.800 as followings.
· A secondary pilot is introduced on the uplink to act as the phase reference for the HS-DPCCH channel and is power controlled only by the weaker macro cell. This solution may have RAN3 impact.
· Dynamic power boosting of individual uplink channels is one approach to ensure reliable reception of control information. One alternative is to boost via HS-SCCH orders, and another is to introduce a separate power control loop for channels that need to be boosted. Another alternative would be to allow the UE to autonomously change its gain values.
· Using power back-off in E-TFC selection so that the resulting TB size would be lower and hence higher coding gain would be obtained in case where uplink scheduling information is transmitted with data payload in E-DPDCH.
2.2 Matching the UL and DL Coverage mismatch issue

This issue occurs when UE is located in the uplink and the downlink imbalance area. Since the power of small cell is lower than the power of macro, when UE moves from the uplink balance point to the downlink balance point, the uplink path loss to the macro cell is larger than the one to the small cell, the uplink transmit power may be increased by the macro cell to achieve uplink reception quality. Therefore UE served by the macro cell causes excessive interference to the neighbouring small cell, then leads to the reduced system capacity. 
The following solution in [1] is to decouple the serving cell of the E-DCH and the HS-DSCH, that small cell should control UE uplink power and give the E-DCH grants to the UE in order to minimize negative effect of DL/UL mismatch. Two approaches are possible:

· For Rel-12 UE, small cell is providing grants directly to the UE. This solution may have RAN3 impact. 
· For Pre-Rel-12 UE, small cell sends the grants to macro and UE can receive through the macro. This solution will impact RAN3.
2.3 NAIC (Network Assisted Interference Cancellation)

In HetNet deployments due to the transmit power difference between the macro node and LPN, there is a high probability that the performance of an UE connected to the LPN is impacted by the strong macro interference. One method to mitigate this performance loss is adopting an interference cancellation receiver. The network (Macro, LPN, or both) can assist the victim UE to mitigate the interference by sending some scheduling information of the interferer. The victim UE with an interference cancellation receiver can remove the interference once some scheduling information of the interferer is received. 

The following aspects were discussed in RAN1:
· Post-decoding and Pre-decoding IC

· Post-decoding IC, in which the UE demodulates and decodes the interfering signal and then reconstructs and cancels it from the total received signal. 

· Pre-decoding IC, in which the UE does not decode the interfering signal but reconstruct it from the demodulated values. 

· Signaling of information for IC: The network assisted information such as the scheduling information of the interferer cell can be transmitted by the serving (victim) cell of the UE or by the interfering (neighbouring) cell.  Coordination of the interference scheduler is required if the network assisted information is transmitted by the serving cell. RAN3 will be impacted provided that coordination of the interference scheduler is needed.
2.4 Combined cell
There are two types of co-channel deployment:
· Dedicated cell: The macro and small cell use different cell ID (PSC). It can be applied for the centralized unit and non-centralized unit architecture.

· Combined cell: The small cell deployed in the macro cell use the same cell id (PSC). This can only applied for centralized unit architecture.
The performance for combined cell comparing with dedicated cell is still under calibrated. The following merits were captured in [1].
· Handovers and Impact on End User Performance
· Neighbor Cell List (NCL) Size

· Downlink/Uplink Imbalance. This mainly comes from the centralized unit architecture.
· Interference Avoidance. This mainly comes from the centralized unit architecture.
· Network Management
There will be some RAN3 impacts by introducing combined cell.

2.5 Support multi-flow and Range expansion 

2.5.1 Support DF-DC/3C/4C with macro power reduction
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. After the range extension, more UEs could be offloaded to the small cell, and UEs receive the data on both frequencies of the macro cell and the small cell in the overlapped area. This solution may have RAN3 impact.
2.6 Mobility issues and enhancements
2.6.1 UE discovery and identification of small cells

For Inter-frequency 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-frequency small cell by the inter-frequency measurement gap. It causes the high power consumption and data transmission interrupt. Some possible solutions are listed as below.
· UE based proximity detection.
· Network based proximity detection. The macro and/or small cell detect the UE for proximity. This may have RAN3 impact.
· UE detects small cell with network assistance.
· Relaxed and limited measurements for UE in Non-DCH state.
· Network configurable NCL for the UE in CELL_PCH, URA_PCH and CELL_FACH for reselection.
Note the last two solutions only apply for non CELL_DCH states.
2.6.2 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. After the deployment of the small cell, the interference is stronger than in case of the pure macro cell deployment. A high speed UE will cause many handovers and potentially a high ratio of call drops when UE moves between the small cell and the macro cell. Some options have been discussed to solve the issue.
· Solution to more signalling messages: To keep the macro cell always in the active set will reduce the handover procedures for the UE travelling across the macro cell. The number of handover failure is also reduced. 
· Solution based on UE speed knowledge: Dynamically allocating NCL for medium and high speed UE.
· Solutions to avoid handover or reselection to small cells without using speed estimation: In CELL_DCH state it is possible to configure measurements in order that some measurement events are applicable to small cells and others to macro cells. In Idle, PCH, FACH it is also possible to use separate thresholds, Treselection for small cells.
· Additional cell information per cell in NCL in CELL_DCH: Some information elements can be added in the NCL. The UE may use all or a subset of the proposed parameters and report measurements back to the network. The network may use these extended measurements to enable better decision making in HetNet environments.
2.6.3 Mobility issues of mass small cell deployment 
Depending on the requirements of system throughput gain and the transmission power of small cell, many small cells may be deployed within one macro cell coverage. 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. 
Three options are proposed to solve this issue as below.
· Extend the neighbour cell list (NCL) size to accommodate more PSCs

· Measurement event specific cell lists: A list of macro cells in CELL_INFO_LIST apply to some measurement events, and another list of small cells in the extension CELL_INFO_LIST apply for other measurement events. 
· Configurable NCL in CELL_PCH and CELL_FACH: The Network can change the NCL of the UE using dedicated signalling when UE is in CELL_FACH or CELL_PCH.
2.6.4 Mobility enhancements for multi-flow deployments
Currently DF-DC is not a valid configuration in multi-flow operation, while it might be useful in HetNet deployment scenario, thus there might be some mobility related issues including sub-optimal inter-frequency measurements and the changing of serving cell.
In case of power range expansion on one carrier, the coverage of macro cell on that frequency is shrunk, so if the UE moves from macro cell to small cell on that frequency in case of DC-HSDPA operation, there may be an issue of inefficient secondary serving cell change.
3. Conclusions
In this document we give an overview of UMTS HetNet study. The purpose is for RAN3 to look into the current progress and be prepared for future work.
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