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1
Introduction
According to the current specification, the UE measures RSRP and RSRQ and reports back to the serving cell for making a handover decision. In a SFN network, RSRP alone can be used for making a handover decision. A measure of signal to interference plus noise ratio (SINR) can be used to further optimize the number of handovers particularly when the system load across the network is not balanced or not equally distributed. However, the current definition of RSRQ measurement is not fully compatible to signal to interference plus noise ratio (SINR) when the network node’s load is not balanced and/or when the downlink power allocation is enabled.
2
Discussion
In a typical SFN, RSRP alone can be used to make a HO decision. A typical RSRP based handover can be explained as follows: if the RSRP with respect to the serving cell is below a threshold, i.e. 
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 will be picked as the new serving cell. Since the RSRP is measured over the reference symbol REs, the aforementioned condition may occur irrespective of the radio resource usage at the serving and target network nodes. In other words, RSRP based HO is not inter-cell interference aware and handovers may be attempted even when the DL SINR is acceptable. An example is shown in figure A1 in Appendix A. 
One problem with RSRP based handover is that the handover decision is not dependent on a target SINR. Additional information of DL SINR may be useful to make a better handover decision to keep the data interruptions to a minimum. Currently RSRQ is another parameter which the UE measures and reports back to the serving cell. It is important to know how RSRQ as defined in [1] is related to the DL SINR under different loading conditions such as the following:
· When the system load is varying among the cells
· And when the downlink power allocation (DLPA) which is essential for ICIC, is enabled
RSRQ with respect to cell-
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 is calculated from RSRP and RSSI as follows [1]:
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Where 
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 represents the number of RBs over which the RSSI is measured.
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Figure 1: Interpretation of RSSI
Figure 1 shows OFDM symbol number four 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. The set S1 consists of the neighbour cells whose CRS transmissions are resource synchronized with CRS transmission from the serving cell. Similarly the set S2 consists of the neighbour cells whose CRS transmissions are not resource synchronized with CRS transmission from the serving cell. Assuming RSRP and RSRQ are measured with respect to cell-
[image: image11.wmf]l

and further if 
[image: image12.wmf]l

0

R

, 
[image: image13.wmf]l

1

R

, 
[image: image14.wmf]l

2

R

 and 
[image: image15.wmf]l

3

R

 are the average powers  measured over the regions, 0, 1 2 and 3 respectively.

With the help of Figure 1, the RSRQ can be expressed as follows (Noting that 
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 represents the average thermal noise power measured over a 90kHz bandwidth. Equation (2) can be reinterpreted as follows:
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Where we define
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i.e. 
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is the ratio of the RSRP to the average interference power received from all other cells over the reference symbol resource element (RSRE) and data resource element (DRE). 
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 may be considered one measure of SINR and in this instance is equal to the ratio of intra-cell power to inter-cell power as observed at the UE receiver
. 
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 can be interpreted as L3 filtered value of the average transmit power of DRE over the OFDM symbol with RSRE to the average transmit power of the RSRE. A detailed definition of 
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 could be found at Appendix B. Note that the average transmit power of the DRE is calculated as the total transmit power over all the DREs other than RSRE divided by the total number of available DREs. The DREs may include the DREs assigned to dedicated transmission to the UEs (PDSCH) , DREs for PBCH and the DREs not assigned any transmission.
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) where  
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 represents the system load of cell-
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. Here it is assumed that the network load is equally distributed across all the cells/nodes (perfect load balancing). 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. 

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 macro cells, pico cells, relay nodes etc. A pico cell may have a lower transmit power capability than a micro or macro cell. 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 and DLPA.
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Figure 2: SINR to RSRQ mapping for different average system loads (DLPA is not enabled)
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Figure 3: SINR to RSRQ mapping when DLPA is enabled in a system load is not balanced across the nodes

4
Conclusions
In this contribution, we discussed how RSRQ is mapped to SINR in different conditions.
Proposal :The RSRQ to SINR mapping and further handover performance has to be studied further for cases where the system load across a LTE network is not balanced and DLPA is enabled.
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Appendix A
Figure A1 illustrates the attempted HOs per UE per second as a function of outage probability. Here the outage probability is defined as the probability that the received pre-detected is less than -12dB (which may correspond to a post detected (Ês/Iot ) of -2dB (approx.)) for vehicular speeds of 3 kmph, 10 kmph, 30 kmph and 120 kmph. For each speed, the results are depicted for different system loads. It is evident from these results that the irrespective of the system load, the same number of handovers are attempted by the UE. The resulting outage probability is vastly different for each case.
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Figure A1: Number of handovers versus outage probability for different system loads (increasing system loads from left to right)
Appendix B
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 in equation (3) is dependent on DL transmission power setting and the radio resource loading of cell -
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 and defined as follows: 
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Where 
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 is the ratio of the average transmit power of DRE over the 

th RB to the average transmit power of the RSRE if there is data transmission over that RB. 
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represents the time average of 
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 , i.e. L3 filtering. Note that 
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{0.25, 0.3334, 0.5, 0.6667, 1, 1.2589, 1.5849, 2.0} as defined in [2].
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 represents the set of RBs over which cell-
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, which is defined as the ratio of the average number of RBs over which there is active transmission to the total number of RBs available over a specific observation interval. 
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� EMBED Equation.3  ���





� EMBED Equation.3  ���








� If downlink power allocation (DLPA) is not enabled and the serving cell is fully loaded,� EMBED Equation.3  ��� and (2) can be simplified as � EMBED Equation.3  ���. If we assume that the minimum SINR is � EMBED Equation.3  ���� QUOTE � �� = -8 dB, then the minimum value of RSRQ is -19.5dB for the fully loaded case. Similarly the maximum value of RSRQ is determined by assuming that the system load for all the nodes is zero, i.e. only RSRE is transmitted from all the cells. For this case, (2) becomes: � EMBED Equation.3  ���.
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