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1
Introduction
The discussion for defining the RRM core requirements for Rel.11 FeICIC has been under way for several meetings. In RAN4# 64bis several agreements were reached on the side conditions to be used for defining the RRM core requirements for Rel.11 FeICIC. Among these agreements a working assumption on RSRP/RSRQ side conditions was also agreed to progress the work [1]. However, some issues regarding RSRP/RSRQ need further discussion.

In this paper we discuss some issues related to RSRP, RSRQ and RSSI.

2
Discussion
In RAN4# 64bis several agreements regarding RSRP and RSRQ measurements were reached, however, some issues still need further discussion. One of the main issues is related to the baseline receiver assumptions and to how RSSI and RSRQ should be calculated. While the definition of RSRP is straightforward irrespective of the receiver type, RSSI and implicitly RSRQ could be computed differently depending on the receiver architecture. In the next section we analyse a few issues related to RSSI calculation. 
2.1 RSSI Definition
Up to Rel.11 the RSSI definition comprised of all the received power (serving and neighbor cells) in certain OFDM symbols or over the entire subframe. With Rel.11 FeICIC and the introduction of CRS-IC capable receivers, the question whether RSSI should include the canceled CRS arises. As the RSSI could be calculated before CRS is canceled(pre-IC) or after CRS cancelation(post-IC), it should be discussed whether the RSSI definition should be changed.
From Rel.10 the RSSI definition for eICIC was updated to include the power received in all symbols in a subframe, not only on OFDM symbols containing CRS. Hence, with a normal CP configuration, RSSI comprises of 14x12=168 REs while the CRS REs are only 8/RB/subframe. The number of CRS REs being much smaller than the total number of REs used for RSSI computation, their impact is expected to be rather small in typical conditions. 

As RSRQ is the value of interest that is reported by the UE and contains RSSI, we evaluated the difference between pre-IC RSRQ and post-IC RSRQ through a simple simulation. The difference between pre-IC RSRQ and post-IC RSRQ is shown in Fig.1 and Fig. 2. In the simulation we assume only 1 interferer since we are interested in the total amount of interference power that would be canceled and not how this is split among cells. Results are shown assuming the victim cell is transmitting data on all REs(Fig.1) and without any victim cell data transmission(Fig.2) for different levels of Es/Noc. The side conditions of Es/Noc=-4dB, Ei1=4dB, Ei2=2dB that are currently under discussions lead to Es/Noc=-4dB and interference level I/Noc=6.12 dB.

Fig.1 RSRQ Difference with victim cell data transmission(blue Es/Noc=4dB, green Es/Noc=0dB, red Es/Noc=-4dB)
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Fig. 2 RSRQ Difference without victim cell data transmission(blue Es/Noc=4dB, green Es/Noc=0dB, red Es/Noc=-4dB)
As can be seen from the figures the RSRQ difference increases with the interference levels and depends on the cell loading. For the above side conditions, the difference in RSRQ is between 0.6dB and 0.8dB. For higher levels of interference (beyond 9dB CRE) or very low levels of loading the difference could be higher, however, it should still be within the accuracy tolerance.
Another aspect that has to be considered is that until now the basic assumption was that RSRQ is computed by the searcher, a piece of hardware that is generally separate from the main demodulation path of the receiver. Changing the RSSI definition not to include the canceled CRS would require some non-trivial changes in implementation and RSSI would have to be computed through a different path than the RSRQ computed without FeICIC. 

If the RSSI definition is changed to be post-IC, the requirements definition should be considered very carefully because it is very difficult to assess the residual noise that is left after interference cancelation is performed. The throughput requirements defined for demodulation are influenced by the IC performance, however, if accuracy requirements are imposed on RSRQ this would indirectly impose some requirements on the performance of the canceler and the residual noise after cancelation. Related to this it should also be considered whether it is feasible to define a test if UEs should report RSRQ post-IC. This would require the TE to know exactly how many cells the UE should cancel. Even if the performance requirements for demod will be based on certain assumptions about how many cells the UE should cancel, it is unlikely that the number of cells the UE has to cancel will be mandated. Defining the test such that a UE that complies with all the other performance requirements does not fail the RSRQ accuracy requirement seems very challenging. 
From the network side, the eNB could estimate the post-IC RSRQ based on the RSRQ and RSRP reports it received from the UE. Since the eNB signals the UE which cells it should cancel, it could reverse compute the post-IC RSRQ by using the RSRP values reported by the UEs. Even if the eNB does not know the exact number of cells cancelled by the UEs, this could be estimated based on the RSRPs reported by the UE and taking into consideration that the victim cell was identified by the UE. The approximate SINR of the victim cell can roughly be estimated from the RSRPs of the neighbor cells. Cells that have relatively low levels do not contribute much to the RSRQ difference, and hence, whether the UE cancels them or not should have a very limited impact. 
RSRQ with FeICIC could potentially be used for intra-frequency mobility/offloading. With this use case, there might be some system benefits from the UE reporting post-IC RSRQ. Even as the network could reverse compute the post-IC RSRQ, having the UE report this value directly could potentially simplify procedures on the network side and provide slightly more accurate information to the eNB. However, the exact difference in system performance seems hard to quantify. Also, RSRP is most likely to be used as the main figure in hand-over decisions and when deciding the range expansion parameters. From this point of view, the benefits of having post-IC RSSI seem rather limited.
So far we looked at several aspects regarding the benefits and shortfalls of changing the RSSI definition such that it does not include the canceled CRS. Even though there are some potential system performance benefits, changing the definition will increase the implementation complexity and complicate the RAN4 work.
The mismatch in pre-IC and post-IC RSRQ is generated by the fact that CRS from interfering cells is included in the RSSI. Another approach would be to compute RSSI only on data tones. The clear benefit would be not increasing the implementation complexity of the UE receiver. This approach was considered even for Rel.8 but it was concluded that the dependency on cell loading would be too high and RSRQ would not be stable enough[1],[2]. The same conclusion is likely to be reached for FeICIC.
3 
Conclusions

In this paper we analyzed several aspects regarding RSRP and RSRQ measurements. With the introduction of CRS-IC in Rel. 11 FeICIC there is a possibility for the UE to compute RSRQ/RSSI after CRS from the aggressor cells is cancelled. The simulation results show that the difference between pre-IC RSRQ and post-IC RSRQ is below 1dB for typical scenarios (side conditions used for the RAN4 requirements), however, this mismatch could be larger depending on the interference levels and cell loading. 
Modifying the RSSI definition to take into account interference cancelation has some system performance benefits, however, it would increase the implementation complexity and would make the requirements and test definitions very complicated. We believe RAN4 should consider very carefully whether the benefits of changing the RSSI definition outweigh the shortcomings considering also that the mismatch is likely to be small in most cases.
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