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1 Introduction

The proposal of using the new RSRQ definition to replace current RSRQ definition was discussed in previous meetings without conclusion [1-3]. A WF was agreed in RAN4#68 to have further discussion on the issue [4]. In this paper, we present our view on this issue with the comparison of the proposed RSRQ and current RSRQ definitions.
2 Backgrounds
2.1 RSRQ Definitions
RSRQ is currently defined in TS 36.214 [1] as “the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.” The E-UTRA carrier RSSI comprises “the linear average of the total received power (in [W]) observed only in OFDM symbols containing reference symbols for antenna port 0, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.” For the convenience of discussion, in the following we called the RSRQ calculated based on above definition as ‘old’ RSRQ definition. 

TS 36.214 also defines that “If higher-layer signalling indicates certain subframes for performing RSRQ measurements, then RSSI is measured over all OFDM symbols in the indicated subframes.” In the following discussion, we called it ‘new’ RSRQ definition if RSSI is measured over all OFDM symbols.

In [1,2], it is proposed that the new RSRQ definition, i.e., RSSI comprises the linear average of the total received power (in [W]) observed over all OFDM symbols, is used for all scenarios, i.e., not only limited to the case when higher-layer signalling indicates certain subframes for performing RSRQ measurements.
2.2 Differences of RSRQ Definitions
The difference of the old and new RSRQ definitions is how to calculate the RRSI, based only on the received power on CRS OFDM symbols or based on all OFDM symbols. The main argument that new RSRQ definition should be used to replace the old in that in some scenarios (e.g., asynchronous systems, low traffic loading, etc.) the interference conditions in non-CRS ODFM symbols may be significantly different with that in CRS OFDM symbols, which may result in over-estimate or underestimate the channel quality with the old RSRQ definition. 
In order to have a better understanding on the difference of the two RSRQ definitions, a WF was agreed in RAN4#68 [3] to investigate the mismatch between new/old RSRQ definitions through link-level simulation with following assumptions:
· Number of cells:  2 cells; multi-cell case (>2) could be used
· CRS are transmitted; PSS/SSS_RA, PBCH_RA and PBCH_RB are 0dB; PDCCH_RA and PDCCH_RB are 0dB ; 3 PDCCH OFDM symbols;
· Asynchronous case: timing offset between cells randomly between 0 to 7 OFDM symbols
1. When an eNB is transmitting PDSCH, the transmission is over the entire BW of the system. The probability of transmitting PDSCH in a subframe is 25%, 50% or 100%.

· Synchronous case:
1. When an eNB is transmitting PDSCH, the transmission is over the entire BW of the system. The probability of transmitting PDSCH in a subframe is 75% or 100%.

· RSRQ bandwidth: 6 and 25 RBs.
3 Simulation Results and Discussions

In this paper, the simulation assumptions in [3] are used unless specified otherwise. There are some exceptions in simulation assumptions:
· Instead of two cell configuration, we use a network layout with 19 eNBs (57 cells) hexagonal layout with ISD of 500 meters. 
· For better comparison, we set PDSCH loading in a subframe to {0% , 25%, 75%, 100%}.
· For better understand the difference between the two definitions, we also simulate the scenarios that no PDSCH in CRS OFDM symbols (i.e., all data are sent in non-CRS OFDM symbols). 
· RSRQ bandwidth is 25RBs in our simulation.
· Figure 1 does not use the simulation assumptions. 
In order to better understand the differences between the two RSRQ definitions, we first simulate an artificial scenario where only CRS signals are sent from only one cell (serving cell). The RSRQ in this scenario show that the best RSRQ (or upper limit), since there is NO interference from other cells or other channels. Both RSRP and RSSI are calculated based only on CRS signal powers. 

Figure 1 shows the RSRQ CDF for the two RSRQ definitions. As shown in the figure, the theoretical upper limit of the old RSRQ definition is -3dB, and the new RSRQ definition is 2.43dB. Both of these numbers should also be calculated out from the definitions of the two RSRQs. 
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Figure 1. Analysis of the theoretical upper limits of old and new RSRQ definitions
As mentioned above, the main difference between the two RSRQ definitions is whether the lading on the non CRS OFDM symbols is included in RSSI computation. Thus, we specifically simulated a scenario that PDSCH are scheduled only in non-CRS OFDM symbols but not in CRS OFDM symbol (note: The PDSCH loading percentage used here is based on the radio of scheduled PDSCH REs to the total PDSCH REs available non-CRS OFDM symbols). This scenario can be viewed as the worst case analysis, since it should give the maximum difference between the old and the new RSRQ definitions in a real system. 
Figure 2 shows that when there is no PDSCH loading in CRS OFDM symbols (assume 3 PDCCH OFDM symbols are fully loaded). When there is no PDSCH loading in the subframe, the RSRQ with the new definition will be larger than old definition. This is expected, since the averaged RSSI for the new RSRQ definition will be lower than that for the old RSRQ definition when there is no traffic loading. With the increase of the traffic loading, the new RSRQ will become smaller and smaller. The old RSRQ CDF does not change before we do not schedule PDSCH in CRS OFDM symbols. As shown in the figure, in this simulation scenario, the new RSRQ definition will represent more closely the real system channel situation changes, while the old RSRQ definition fails to follow the system loading changes. 
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Figure 2.  The differences between old and new RSRQ definitions in difference loadings when no PDSCH is scheduled in CRS OFDM symbols
Figure 3 shows the comparison of the RSRQ definitions when traffic is evenly distributed to all PDSCH REs, including the REs in CRS OFDM symbols, for various loadings. As shown in the figure, the differences between RSRQ definitions decreases as the traffic loading increase in this case. Figure 3 may be seen as a more general case in comparison with Figure 2, since normally the eNB would schedule PDSCH in all OFDM symbols, instead of only to non-CRS OFDM symbols. 
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Figure 3.  The differences between old and new RSRQ definitions in difference loadings
4 Summary
In this paper, we compared the two RSRQ definitions, which differ in the RSSI computation: one based only on CRS OFDM symbols, while the other based on all OFDM symbols. Depending on the traffic loading conditions, the RSRQ measurements with new definition may be smaller or larger than the RSRQ measurements with old definition. The main advantage of the new RSRQ definition is that it considers the channel conditions in non-CRS OFDM symbols when calculating RSRQ, which may be helpful in the cases when there are large difference between RSSI in non-CRS symbols and CRS OFDM symbols.
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