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Introduction
The idea of using network assistance for improving the interference cancellation (IC) performance was first proposed in 3GPP as part of the HetNet study [3]. During the study, it was recognized that the extra interference margin provided by IC could lead to the possibility for the network to offload the IC-enabled UE from a highly loaded cell to a so called second-best cell with a better load situation (assuming the second cell had a worse, yet manageable, interference situation). As part of the NAICS study item, it was decided to “study mechanisms for offloading UEs with NAICS capability” [1]. 
This contribution analyses the potential needs from the network and UE side to enable a decision on whether to offload a UE within the context of NAICS. The actual method for offloading the UE is left out of the scope of this paper.
System description
System model
Let us consider the system described in Figure 1. The system consists of two cells each with a covering RBS, and a UE connected to the RBS in cell 1 with a HSDPA link. Cell 1 and cell 2 are assumed to be in the same UE active set and the UE is assumed to be IC or IS capable (note: this is not crucial to the principle of offloading, but enables performance gains motivating offloading). 
Assume the load in Cell 1 reaches a point where the UE becomes a suitable offloading candidate. The network (either the nodeB or the RNC in practice) can then after some information exchange with the UE make a decision to offload the UE from cell 1 to cell 2.  The information required is discussed in subclause 3.1. 


[bookmark: _Ref413138897][bookmark: _Ref413138884]Figure 1 System Model
Enabling offloading in the network with UE assistance
Information to perform offloading
In order to  motivate a cell change, the network needs, at the bare minimum, information on the load situation from the source and target cells as well as the link quality for the to-be-offloaded UE with respect to these source and target cells. 
Load information is available in the network in a variety of forms and is not considered troublesome to obtain. For example, the RNC collects downlink transmit power C-PICH measurements, path-loss estimates information from cells in the active set and can use this information to estimate whether offloading will improve the load balance in the network. 
Link quality information for HSDPA is typically given by Channel Quality Information (CQI). Downlink CQI is calculated in the UE based on CPICH measurement and then forwarded to the network via HS-DPCCH. To enable offloading, an estimate of the link quality, based on CQI measurements, from the serving cell as well as other cells in the active set are of interest (at least the second best cell). 
The link quality information provided by CQI is very short term and varies on a TTI basis. In order to provide a stable offloading mechanism, that instantaneous measurement should be smoothed over a longer period. This will avoid creating a scenario where a UE gets offloaded back and forth as soon as the channel situation worsens. 
Observation 1: For offloading purpose, link quality information estimates from both serving and offloading candidate cells should be made available to the network. 
Observation 2: link quality information for offloading purposes consists of a filtered CQI measurement, with an averaging period to be evaluated.   
Definition of the second best cell
The cell that is designated as the target of the offloading procedure is called the second-best cell. In this definition, it is understood that the cell constitutes the second best choice for the UE from the network point of view.  
The UE is aware of all the cells in its active set and is capable of performing link quality estimates on each of these cells. In order to define the second best cell, it is proposed that the UE measures CQI on each of the cells in the active cell, and after filtering of the measurements, reports the CQIs for the serving cell as well as the best available filtered CQI in the active set excluding the serving cell.  The cell with best CQI in the active set (i.e. excluding the serving cell) is defined as the second best cell. 
Observation 3: UE can make CQI measurements over the active set and communicate the filtered CQI for the serving cell and the second best cell, as well as the second best cell identity within the active set.
In this proposal it is necessary for the UE to identify the cell corresponding to the transmitted filtered CQI. This is discussed in subclause 3.4.1.
Rate of Information exchange
In the current specification, CQI is delivered to the network on a periodic basis, controlled by the CQI feedback cycle. The link quality estimates used for offloading information can also be transmitted to the network periodically under a pre-established pattern, or on a need basis. In that case a mechanism for transmitting link quality estimates CQI for offloading calculation purposes should be established. 
Observation 4: Link quality estimates from the serving cell as well as from the second best cell in the active set can be reported to the network by the UE to be offloaded either on a need basis or periodically. The period between reports of link quality estimates needs to be investigated. 
Channels for reporting link quality estimates
Reporting of filtered CQI
The UE produces the link quality information itself (i.e. the UE computes a filtered CQI measurement)  and reports link quality information in the form of filtered CQI for both the serving cell and the second best cell.  The report can be done using a pre-agreed period between reports, or instead follow a request from the network. 
New HS-DPCCH format, with periodic second-best cell CQI transmission
The serving cell CQI is transmitted on HS-DPCCH along with HARQ and PCI information. One possibility is to send the new filtered CQI information associated to the serving and second best cell in the TTI using a format similar to what HSDPCCH uses when configured with dual carrier HSPA (see 4.7.3 in  [2]). The proposal is to adopt a subframe format with slot 0 containing HARQ for the serving cell, while slot 1 and 2 conveys the link quality information for the serving cell and the second best cell
The link quality information for both cells can be reported either using 1 slot for each cell (10 bits coding) or by creating a unique codeword for both CQI over the two slots (20 bits coding). The 20-bits codeword solution is proposed. For implementation of the encoding, the encoding procedure explained in [2], subclause 4.7.3.2 could be reused.
In order to add second best cell identification, it is proposed to append a 3-bit pattern, corresponding to the cell index of the second best cell in the active set list, to the link quality information for both cells. Figure 2 shows an example of the mapping for the filtered CQIs for both the serving cell and second best cell as well as the second best cell ID to a single 20 bits codeword.  Several mapping and coding solutions are possible.  


Figure 2: construction of CQI codeword with second best cell identification
Figure 3 shows an example of a HSDPCCH transmission of filtered CQIs reported at an interval of 6 TTIs. When the filtered CQI is not reported, the regular HARQ, CQI and PCI reporting is done using the appropriate subframe format. 


Figure 3:  Examples of subframes used to transmit link quality information by insertion in the HSDPCCH HARQ/CQI/PCI stream.
Enabling offloading in the network with existing measurements 
In order to minimize impact on HSDPCCH, another choice  could be to base the offloading decision on existing measurements, for example the  received CPICH power and path loss for each cell in the active cell list, plus the knowledge that the network has about the load situation on neighbor cells.  In that case, the network is in charge of deciding on the second best cell as well as deciding on the offloading. The choice on the second best cell and the offloading algorithm are left to proprietary solutions. Once the decision about offloading a UE has been taken by the network, most likely a cell reselection procedure would be required to be applied by following the legacy behavior.
The UE receives measurement requests from the network via RRC signalling. No additional changes to HSDPCCH are necessary.  
Observation 5: The mechanisms presented in sub-clauses 3 and 4 should be part of a discussion on methods to enable offloading.
Conclusions
This paper discusses several types of information needed to allow the network to offload a UE between two cells in the same active set.  Several observations and proposals for measurements and reported information have been made.

Proposal: The proposals stated in this document should be considered among the potential solutions for offloading. Further discussions and investigations are needed to select a particular approach if offloading solutions are agreed to be beneficial for UMTS,
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