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1
Introduction
In previous meetings several issues related to RSRQ computation and the way RSRQ is defined were discussed. In this paper we further discuss the RSRQ definition and propose to apply the RSRQ calculation method used for eICIC to all cases as this better reflects the actual conditions on a certain carrier.

2
Discussion
Several issues regarding the definition of RSRQ were discussed in previous meetings. Besides the wideband RSRQ discussion there were also several proposals on changing the RSRQ definition as to decouple the RSRP and RSSI bandwidth [1],[2] or to apply the definition used for eICIC[1] to all cases. 
In Rel.10 eICIC the RSRQ definition was changed such that RSSI is computed over the entire subframe and not only on symbols containing CRS. This method is thought to better reflect the interference conditions on a certain carrier by including the interference generated by data traffic. In [1] this proposal was briefly discussed and some advantages were shown. In this paper we further elaborate in this issue. As RAN4 has been working for more than a year towards adopting wideband RSRQ, which is aimed at dealing with frequency-varying interference, the proposal to have full sub-frame averaging RSSI is aimed at dealing with time-varying interference. 

The current RSRQ as defined in 36.214, is the ratio of RSRP and per-RB RSSI averaged only over OFDM symbols that contain reference signals for antenna port 0 (that is, symbol 0, 4, 7, 11 for the normal CP case).  Because of the highly non-stationary nature of inter-cell interference in LTE systems, RSRQ cannot fully capture the interference in some cases. Hence, in these scenarios, the RSRQ is not as good an indicator of the “RS quality” as it is intended to be.    

Figure 1 gives an illustration of this problem. Consider there are two lightly-loaded cells, cell A and cell B in the same channel. They may be synchronous or asynchronous depending on network deployment. When measuring RSRQ of cell A, in the synchronous case, the interference from cell B is fully captured; but in the asynchronous case, the interference from cell B is not reflected completely. Moreover, the RSRQ could be significantly different in the two cases. However, assuming a UE is connected to cell A, it is expected to experience similar overall performance between the two cases, since the interference level is similar although the timing is different. Therefore a UE using RSRQ-based measurements for handovers or inter-frequency measurements triggering and reselections, might make poor decisions.

On the other hand, if RSRQ is based on RSSI which is averaged over the entire sub-frame (CRS symbols and non-CRS symbols), the measured RSRQ will give a better idea of the overall interference level. For example, this new “RSRQ” will be more robust regardless of the synchronous/asynchronous deployment or time-selective interference.  
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Figure 1 RSSI Computation Problems
To illustrate this issue with an example, consider two scenarios building on the figure provided above:

1)
Cell A has an RSRP of -70dBm and a stronger cell B has an RSRP of -60dBm, with both being synchronous;

2)
Cell A has an RSRP of -70dBm and a stronger cell B has an RSRP of -60dBm, with both being asynchronous such that the RS of cell A does not collide with the RS of cell B (as depicted in the figure)

In the first case, the RSRQ of cell A based on 36.214 = 10*log10(1/(4*1 + 4*10)) = -16.43dB

In the second case, the RSRQ of cell A based on 36.214 = 10*log10(1/(4*1)) = -6dB

(Some assumptions in the above computations are: two transmit antennas at the eNB, No fading, no additive thermal noise and no other interference)

Clearly, the handovers and reselections in the asynchronous case will be delayed more than the synchronous case due to the large disparity in RSRQ measurements though the interference is similar. If the proposed RSRQ is used instead, the estimated RSRQ would be identical in both scenarios.

The new proposal is particularly recommended for scenarios with reporting configured based on absolute measurements (eg. A1, A2, A4, A5). This configuration is frequently used by NWs prior to configuring measurement gaps for inter-frequency and inter-RAT measurements. A popular configuration is to configure measurement gaps only when the serving cell has degraded significantly and serving SINR is very low (so as to preserve the serving cell DL/UL throughput). In these scenarios, it’s critical to precisely identify when the serving cell has degraded (or recovered) and report an A2 event (or A1-event) in a timely an accurate manner, to avoid losing the link. The new proposal would help particularly in these types of scenarios.
It should also be noted that changing how RSRQ is computed could have some implementation benefits as there would not be any need to perform FFTs synchronized to the neighbor cells to compute RSSI in asynchronous systems. Also, Rel. 10 UEs already implement this type of measurement for eICIC so there would be no added complexity if this definition is adopted.
In Annex A a concrete proposal on how the change the RSRQ definition is given. 

3 
Conclusions

In this paper we briefly summarized some issues related to the wideband RSRQ measurements and made a proposal that would provide more consistent measurement results, simplify the implementation, and align the RSRQ definition with the one used in Rel.10 eICIC.

The proposal is as follows:

Proposal 1: Change the RSSI definition to be the total power measured over all OFDM symbols in a subframe for all cases (not only when eICIC is used).
A text proposal for the definition is given in the Annex.
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Annex A

5.1.3
Reference Signal Received Quality (RSRQ) 

	Definition
	Reference Signal Received Quality (RSRQ) is defined 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.

E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed over all OFDM symbols in the subframe , 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. 
The reference point for the RSRQ shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRQ of any of the individual diversity branches.

	Applicable for
	RRC_IDLE intra-frequency,

RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency
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