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1
Introduction
In previous meetings several issues related to RSRQ computation and the way RSRQ is defined were discussed. In [1], [2] we proposed to apply the RSRQ calculation method used for eICIC to all cases as this better reflects the actual conditions on a certain carrier. In this paper we further elaborate on this topic.
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 measurement bandwidths [3] or to apply the definition used for eICIC to all cases [1], [2]. 
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 [2] the topic was further discussed and some concrete examples of mismatches in RSRQ values that can occur between synchronous and asynchronous deployments even under the same traffic conditions were presented. In [2] it was shown that this mismatch can affect the system performance due to difficulties in setting the proper RSRQ thresholds to trigger inter-frequency measurements or hand overs.
Observation 1: Current RSRQ definition can lead to large mismatches between synchronous and asynchronous scenarios even for the same loading.

Another scenario where computing RSRQ over the entire subframe would be beneficial is when the UE is in the vicinity of a CSG cell to which it cannot connect. If the macro cell that serves the UE and the CSG cell are not synchronous then the macro UE may not see any interference from the CSG cell on symbols containing CRS and  RSRQ will be overestimated. One simple example is if we assume the following values:
Macro SNR=3dB

CSG SNR=16dB

In the case of no data traffic the RSRQ values for the synchronous case and asynchronous case are:

RSRQsync=-16.8 dB

RSRQasync=-9  dB

Even if the macro cell is loaded the RSRQ values would be:

RSRQsync=-17.24 dB

RSRQasync=-11.13  dB

As can be seen the RSRQ mismatch is between 6 and 8dB. In this case the UE would report back to the eNB an overly optimistic RSRQ value, however, if the CSG cell starts transmitting data the UE would fall into RLF and not be able to reconnect to the macro cell. If the macro cell would be aware of the actual RSRQ value it could trigger inter-frequency measurements and hand over the UE to a different frequency.
Observation 2: RSRQ mismatch could lead to outages in cases such as when the UE is in the vicinity of a CSG cell. 

In previous meetings the backwards compatibility issue was also raised. If the RSRQ definition is changed for all the cases, legacy eNBs would have the event and HO trigger thresholds set based on the old definition. Also, the legacy eNBs would not recognize a later release UE and, hence, cannot adapt the thresholds to the new definition. A possible solution to this problem would be to compute RSRQ over the entire subframe but average the value over the number of symbols in the subframe(for normal CP the RSRQ computed according to the definition used for  eICIC would be multiplied by 14). For a fully loaded system the RSRQ value would not change, however, for lightly loaded systems the value would be much closer to the one that is obtained in a synchronous system where the CRS tones from other cells are included in the RSSI. For the above example the RSRQ values would be:
RSRQeICICPerSymbol=-14.7dB for the unloaded case

RSRQeICICPerSymbol=-15.5dB for the macro loaded case

As can be seen the values obtained through this averaging process are much closer to the value obtained in the synchronous case.
Computing the RSRQ over the entire subframe would also have the benefit of increasing the measurement resolution. When RSRQ is computed on a symbol that contains CRS, the difference between a loaded and an unloaded cell is 4.7dB if we assume 1 Tx antenna with 3dB power boosting for CRS or 2Tx antennas. If RSRQ is computed over the entire subframe the difference between a loaded cell and an unloaded cell is about 10 dB and thus, the measurement resolution is also higher.
During RAN4#66 it was argued that by using only OFDM symbols that contain CRS tones there are some power saving advantages in idle mode as the UE can go into micro-sleep between OFDM symbols and shut down the receiver. We would like to point out that the UE has to process entire subframes on every paging occasion and the intra-frequency measurements will most likely be performed during this time. In this case the UE power saving would be very limited. 
Observation 3: During idle mode the UE is likely to perform measurements during paging occasions when it cannot go into micro-sleep, hence, power saving benefits are very limited by processing only symbols containing CRS. 
Based on the above observations and the benefits already shown in previous papers[1],[2] we reiterate our proposal to extend the RSRQ definition used for eICIC to all cases.
A concrete proposal on how the change the RSRQ definition is given In Annex A. 

3 
Conclusions

In this paper we briefly summarized a few more issues related to the way RSRQ is defined/calculated. Based also on our previous papers [1],[2] the following observations can be made:

Observation 1: Current RSRQ definition can lead to large mismatches between synchronous and asynchronous scenarios even for the same loading.
Observation 2: RSRQ mismatch could lead to outages in cases such as when the UE is in the vicinity of a CSG cell.
Observation 3: During idle mode the UE is likely to perform measurements during paging occasions when it cannot go into micro-sleep, hence, power saving benefits are very limited by processing only symbols containing CRS.
Using the RSRQ definition for eICIC in all cases provides more consistent measurement results and simplifies the implementation. Hence, we reiterate our proposal to apply the eICIC RSRQ definition for all the cases.
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 Annex A.
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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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