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Introduction
According to the existing mobility procedures, UE measures RSRP and RSRQ with respect to the serving cell and neighbouring cells autonomously when in RRC_IDLE mode, or as directed by the serving cell when in RRC_CONNECTED mode. In the case of UE-controlled mobility, these metrics would need to be derived by the UE.  For network controlled mobility, these metrics may be derived by the UE and reported to the network. When the UE moves to a target cell, the PDCCH transmitted by the target cells should be received with acceptable quality. It is therefore of relevance to understand acceptable SINR at the target cell is ensured if a handover decision is made based on RSRQ and/or RSRP. In a Hetnet environment, due to the existence of the small-sized cells and low transmission power, potential issues may occur such as unequal cell loading, frequent handovers, etc. This issue therefore needs to be studied further. 

RSRP and RSRQ with cell loading 
In the following description, we assume that the transmissions from all the network nodes/cells are slot synchronized (not necessarily radio-frame/ subframe synchronized). As defined in [1], UE measures RSRP with respect to the serving node and all the  neighbouring nodes:


 corresponds to the UE measured RSRP value with respect to the cell-. If the estimation errors are ignored, the RSRP with respect to cell- can be expressed as follows: 
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Where  is the path loss between the th node/ cell and the UE and  represents the average transmit power per RSRE of the th network node. 
	
	
	



Where  represents the number of RBs over which the RSSI is measured. We assume that there are  neighbours operating on the same downlink carrier frequency as the serving node. UE also measures RSSI over all the other carrier frequencies. As an example, Figure 1 illustrates an OFDM symbol with RSRE of the OFDM slot structure arriving at a UE from all the cells.  Only half of a PRB (6 subcarriers) is shown due to the fact that the structure repeats in frequency every 90kHz. Assuming RSRP and RSRQ are measured with respect to cell- and further if , ,  and  are the average powers  measured over the regions, 0, 1, 2 and 3* respectively. 
* Region 0 and region 1 correspond to signals received from a serving cell whereas region 2 and region 3 correspond to signals received from non-serving (or interfering) cells.


[bookmark: _Ref288232149][bookmark: _Ref288232098]Figure 1 – Interpretation of RSSI 
With the above interpretation RSRQ with respect to cell- can be expressed as follows:

	
	
	


 is the ratio of the RSRP to the average interference power received from all other cells over the RSRE and DRE.

 represents the average transmit power level of the data RE normalized to the average power level of the RSRE for cell-.  also includes the average system load of cell-.
Problem due to the unequal cell loading 
 is dependent on DL transmission power setting and the radio resource loading of cell -, and can be expressed as follows:

Where  represents the average transmit power per data RE (DRE) of the th cell. In other words the RSRQ measured with respect to cell- is influenced by the radio resource usage in cell-. For example, a UE may measure RSRQ with respect to cell- and cell-,  and  respectively.

The UE may select cell- as a better target cell to move-on, if . But there is possibility that  based on the system load at cell- and cell-. For example this condition may occur when  and .

Figure 2 shows the mapping between the RSRQ and SINR when Downlink Power Allocation (DLPA) is disabled (i.e. DRE have the same power - when transmitted - as RSRE within each cell). Here it is assumed that the network load is equally distributed across all the cells/nodes (perfect load balancing), i.e. , where  represents the system load of the node-. It is evident from the results that the non-linear mapping between the RSRQ and SINR is dependent on the average system load of the network. Therefore, in a network where the system load is equally shared by all the nodes, the cells can convert the received RSRQ value into a meaningful SINR. 
[image: RSRQvsSINR1_worddoc.emf]
[bookmark: _Ref278821066]Figure 2 - SINR to RSRQ mapping for different average system loads (DLPA is disabled)

If the network load is not equally distributed across the cells (this can be a common situation within cellular networks as the load may vary both in time and geographically), the RSRQ with respect to each cell may map in to different SINR values. A typical LTE heterogeneous network may consist of macrocells, picocells, relay nodes etc. A picocell may have a lower transmit power capability than a micro or macrocell. Therefore in this scenario, the radio resource usage in each cell within a network may differ considerably compared to a homogeneous network where all the cells within a network have equal or nearly equal capabilities. 

Figure 3 shows the mapping of RSRQ reported with respect to different cells in the network and the actual SINR. As shown, the reported RSRQ maps into different SINR values based on the system load of that particular cell/ node. Therefore if the loading across the cells within the network is not equal at some or all of the network nodes, the mapping between the SINR and the measured RSRQ may not be consistent.
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[bookmark: _Ref283382805][bookmark: _Ref268185646]Figure 3: SINR to RSRQ mapping in an unbalanced network (DLPA is disabled)



Conclusion
Based on the discussion presented above, it is evident that for RSRQ to indicate a proper representation of SINR for non-serving cells, all the neighbouring nodes should be equally or almost equally loaded. When the above conditions do not apply, the network or UE may find it difficult to ascertain an accurate SINR value representative of the true loading condition of each of the contributing cells.  This may preclude the use of mobility algorithms and procedures that are reliant upon the availability of an accurate SINR metric. In a Hetnet environment, since more handovers are expected and the radio resource usage in each cell within a network may differ considerably compared to a homogeneous network, this issue becomes more critical and solutions are therefore needed to be studied. 
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