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1 Introduction
In RAN2#72bis, an LS was sent to RAN4 highlighting concerns about RSRQ measurements during ABS. Companies have expressed concern that RSRQ measurements taken during ABSs can provide incorrect RSRQ estimates. The following scenarios were mentioned where some companies mentioned potential RSRQ inaccuracy problems:
· Measuring serving aggressor cell in ABSs of the aggressor cell can overestimate RSRQ 
· Measuring intra-frequency neighbouring aggressor cells in ABSs (of the aggressor cell or serving cell) can overestimate RSRQ; and

· Measuring inter-frequency neighbouring aggressor cells in ABSs (of the aggressor cell or other cell) can overestimate RSRQ.
In this contribution we revisit this issue and provide further details showing that measurement restrictions for RSRQ measurements may not be essential. In general, there is a strong motivation to not have different measurement restrictions for RSRP and RSRQ measurements as this introduces significant additional complexity in the UE. Specifically, the UE would have to have separate occasions for making RSRP and RSRQ measurements (resulting in increased power consumption) and would have to separately manage measurement configurations and procedures for RSRP and RSRQ of the same cell. 
2 Discussion

RSRQ is used to get a view of interference experienced by the UE. By definition, RSRQ takes into account the loading on the entire frequency (rather than loading of just the serving cell). The reported RSRQ can then be compared to RSRQ of other carriers. Based on this comparison an inter-frequency handover can be performed for load balancing (i.e., to reduce load on the serving carrier, if it is high). 
We consider the following problem scenarios and the potential remedies (i.e., corresponding RSRQ measurement restrictions), and analyze their usefulness:
Scenario 1: A macro UE measuring serving macro cell in ABSs of the macro cell (measuring serving aggressor cell in ABSs of the aggressor cell).
Remedy: The macro UE measures the serving macro cell in non-ABSs of the macro cell.
Scenario 2a: A macro UE in the coverage of a non-allowed femto cell measuring the femto cell in ABSs of the femto cell (measuring intra-frequency neighbouring aggressor cell in ABSs of the aggressor cell).

Remedy: The macro UE measures the non-allowed femto cell in non-ABSs of the femto cell.
Scenario 2b: A macro UE in the coverage of a non-allowed femto cell measuring the femto cell in ABSs of the macro cell (measuring intra-frequency neighbouring aggressor cell in ABSs of the serving cell).

Remedy: The macro UE measures the non-allowed femto cell in non-ABSs of the macro cell.
Scenario 3: A UE measuring cells on a (non-serving) frequency F in ABSs a cell on F (measuring inter-frequency neighbouring aggressor cells in ABSs).

Remedy: The UE measures the macro cell on F in non-ABSs cells on F.
In scenario 1 performing RSRQ measurements of the serving macro cell in the ABSs of the serving macro cell results in not taking the load on the serving macro cell into account. Given that the serving macro cell is the aggressor (strongest) cell, the measured RSRQ can be very inaccurate. However, the serving macro cell is aware of the loading in its non-ABS subframes. Therefore, if the UE performs RSRQ measurements only in the ABSs of the serving macro cell, the serving eNB can apply a correction to the reported RSRQ measurement based on the loading in its non-ABSs. 
Observation 1: The RSRQ inaccuracies in scenario 1 can be overcome by the UE performing measurements in the serving cell’s ABS and the network applying a correction based on loading in the non-ABSs of the serving cell. Thus the remedy to scenario 1 (macro UE measuring the serving macro cell in non-ABSs of the macro cell) is not necessary.
In scenario 2a performing RSRQ measurements of the serving macro cell in the ABSs of the femto cell results in not taking the load at the femto cell into account. In principle, this can lead to inaccurate RSRQ measurements. However, a femto cell serves a small number of users and load at a femto cell can vary to a large degree (much more than at a macro cell). Furthermore, loading at a non-allowed femto cell is in no way representative of loading on the frequency (i.e., macro cells on that frequency may be heavily loaded and the non-allowed femto cell may be lightly loaded, or vice versa). Therefore, trying to account for the load on the femto cell does not seem useful in the context of load balancing handovers.
Observation 2a: The RSRQ inaccuracies in scenario 2a are not significant. The remedy to scenario 2a (macro UE measuring the non-allowed femto in the non-ABSs of the non-allowed femto) is not necessary.
In scenario 2b performing RSRQ measurement of the serving macro cell in the ABSs of the serving macro cell results in not taking the load at the serving cell into account. This also takes the load at the femto cell into account. Given that the femto cell is the aggressor cell and based on the observations about load at the femto cell above, such an RSRQ measurement does not seem to be very meaningful. Furthermore, this would result in the following inconsistency: the RSRP of the serving cell is measured in the femto’s ABSs wheras the RSRQ of the serving cell is measured in the serving cell’s ABS. Computing RSRQ requires the UE to measure RSRP in the ABS of the serving cell, and since this RSRP can experience interference from the femto cell, the two RSRP measurements can be very different.
Observation 2b: The remedy to scenario 2b (macro UE performing RSRQ measurements of non-allowed femto cell in non-ABSs of the serving cell) is not useful.
Regarding scenario 3, we note that inter-frequency measurements are performed in measurement gaps. As a consequence, measurement gaps will comprise some ABS and some non-ABS subframes; and the RSRQ is effectively averaged over ABS and non-ABS subframes over multiple measurement gaps. Furthermore, unlike for intra-frequency measurements, the UE is not aware of which subframes are ABSs on the non-serving frequency F. Therefore, the UE cannot pick ABS subframes to make RSRQ measurements. In the intra-frequency case, the UE knows which subframes are ABSs and hence concerns have been expressed that the UE may measure only in ABS subframes. However, since the UE is not aware of the ABS patterns on F, the risk of inaccurate RSRQ measurements is minimal.
Observation 3: Since the UE does not know ABS patterns on target frequency, the risk of inaccurate RSRQ measurements in scenario 3 is minimal. The remedy to scenario 3 (UE measuring cells on the target frequency in non-ABSs) is not relevant.
3 Summary
We considered measurement restrictions for RSRQ measurements based on the following scenarios and corresponding measurement restrictions:
Scenario 1: A macro UE measuring serving macro cell in ABSs of the macro cell (measuring serving aggressor cell in ABSs of the aggressor cell).
Remedy: The macro UE measures the serving macro cell in non-ABSs of the macro cell.

Scenario 2a: A macro UE in the coverage of a non-allowed femto cell measuring the femto cell in ABSs of the femto cell (measuring intra-frequency neighbouring aggressor cell in ABSs of the aggressor cell).

Remedy: The macro UE measures the non-allowed femto cell in non-ABSs of the femto cell.
Scenario 2b: A macro UE in the coverage of a non-allowed femto cell measuring the femto cell in ABSs of the macro cell (measuring intra-frequency neighbouring aggressor cell in ABSs of the serving cell).

Remedy: The macro UE measures the non-allowed femto cell in non-ABSs of the macro cell.
Scenario 3: A UE measuring cells on a (non-serving) frequency F in ABSs a cell on F (measuring inter-frequency neighbouring aggressor cells in ABSs).

Remedy: The UE measures the macro cell on F in non-ABSs cells on F.
Our observations are listed below:

Observation 1: The RSRQ inaccuracies in scenario 1 can be overcome by the UE performing measurements in the serving cell’s ABS and the network applying a correction based on loading in the non-ABSs of the serving cell. Thus the remedy to scenario 1 (macro UE measuring the serving macro cell in non-ABSs of the macro cell) is not necessary.

Observation 2a: The RSRQ inaccuracies in scenario 2a are not significant. The remedy to scenario 2a (macro UE measuring the non-allowed femto in the non-ABSs of the non-allowed femto) is not necessary.
Observation 2b: The remedy to scenario 2b (performing RSRQ measurements of non-allowed femto cell in non-ABSs of the serving cell) is not useful.

Observation 3: Since the UE does not know ABS patterns on target frequency, the risk of inaccurate RSRQ measurements in scenario 3 is minimal. The remedy to scenario 3 (UE measuring cells on the target frequency in non-ABSs) is not relevant.

RAN2 is requested to take the above details into account in the design of eICIC measurement restrictions.
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