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1 Introduction

CRS interference handling has been discussed in RAN2 as part of the feICIC WI [1]. The purpose of this document is to try to structure the various use cases and configurations discussed. In this document we make several general observations, and propose that the UE may use CRS IC for UE measurement handling in CRS colliding cases. The use of CRS IC should be based on UE requirements defined by RAN4.
2 Discussion

Up until now RAN2 has discussed two use cases where CRS IC is seen as beneficial. These two use cases are:

1)
Improving demodulation of PDSCH 

2)
Improving measurements based on CRS

Furthermore there are two configurations of CRS which are of interest. These two configurations are:

-
Non-colliding CRS configuration

-
Colliding CRS configuration

The colliding CRS configuration means that the CRS transmissions of the serving cell and one neighbour cell are performed in the same resource blocks in time and frequency. From the perspective of the UE, the two cells’ CRS will be seen as overlapping or colliding.

The non-colliding CRS configuration means that the CRS transmissions of the serving cell and one neighbour cell are not performed in the same resource blocks in time and frequency. From the perspective of the UE, the two cells’ CRS will not be seen as overlapping or colliding.

From the perspective of network configuration, both these configurations have their respective merits, and must therefore be supported. The two configurations will have an impact as will be seen later on.
For CRS IC to be of interest the UE does not necessarily be subjected to up to 9 dB of detrimental interference as is the feICIC scenario. However, this scenario is of particular interest as it may require the UE to use CRS IC to fulfil minimum requirements. One should note that these requirements have not yet been decided in RAN4. For the rest of the paper, it is assumed that the feICIC scenario is used. This implies detrimental interference caused by 9 dB cell range expansion operations.

2.1 Use case 1: Improving PDSCH demodulation

2.1.1 Non-colliding CRS configuration

In this combination of use case and CRS configuration the PDSCH of the serving cell is interfered by the CRS transmissions of the neighbour cell. For simplicity it is assumed that PDSCH resource blocks colliding with the CRS transmissions cannot be demodulated by the UE. By performing CRS IC on the CRS of the neighbour cell, the demodulation of the PDSCH can be significantly improved, thus improving overall performance in the UE.

Observation 1
With non-colliding CRS configuration, the use of CRS IC may be beneficial for PDSCH modulation and may improve UE performance.
2.1.2 Colliding CRS configuration

In this combination of use case and CRS configuration the PDSCH of the serving cell is not interfered by the CRS transmissions, as these instead collide with the CRS transmissions of the serving cell. This combination of use case and CRS configuration is therefore of no interest for further discussion.
2.2 Use case 2: Improving measurements based on CRS

2.2.1 Non-colliding CRS configuration

In this combination of use case and CRS configuration the CRS of the serving cell is interfered by PDSCH transmissions in the neighbour cell. At first glance, this combination might not require any further discussion, but if the load in the neighbour cell is high, the impact on the CRS-based measurements increases. In the feICIC scenario, high load from neighbour (aggressor) cells can be expected, given that the benefit of ABS is higher if the system load is high. In scenarios where aggressor cells operate with ABS and where victim UEs are configured with measurement resource restrictions, non-dominant interference from aggressor cells (i.e. other pico cells) can be expected on resource elements used for UE measurements, i.e. resource elements carrying CRS in the victim cell. The UE is able to handle non-dominant interference without the use of CRS IC.
Observation 2
With non-colliding CRS configuration, non-dominant interference from aggressor cells can be expected on resources used for measurements. The UE can handle this without the use of CRS IC.
2.2.2 Colliding CRS configuration
This combination of use case and CRS configuration may be the one RAN2 has focused most on. As stated above, the colliding CRS configuration means that the serving cell CRS will be heavily interfered by the CRS of a neighbour aggressor cell. If the UE is unable to handle this interference, it may have a negative impact on UE performance.
Observation 3
With colliding CRS configuration, the negative impact on UE measurements based on CRS may in turn reduce UE performance.  

The point of doing measurements on the radio channel is to get an understanding of its properties, Ideally, the UE should measure on all resource blocks to get the complete picture. However, this is not feasible. Instead measurements are performed on specific resource blocks (in this case CRS) which then are taken as an estimate of the properties of the complete radio channel. This estimation is accurate enough because of the assumption that the characteristics on the measured resource blocks are similar to the ones not measured. The case of colliding CRS configuration is an example where this assumption does not hold. This is because the interference in the CRS (which are measured) is much higher than the other resource blocks (not measured). This is a consequence of using ABS, where only CRS are transmitted. To compensate for the fact that the CRS is heavily interfered, while the rest of the channel is not, the UE may cancel CRS transmissions from some cell(s). This means that the measurements done on the non-cancelled CRS becomes a better estimation of the whole radio channel.
It might be good to investigate the potential use of CRS IC on the measurements in more detail.
2.2.2.1 RLM measurements (Pattern 1)
The purpose of RLM is to measure the radio channel of the serving cell and declare radio link failure (RLF) if the radio channel is bad. More specifically, RLF is declared if 10% PDCCH BLER is predicted. This prediction is performed by estimating SINR based on CRS of the serving cell and mapping this value to a predicted PDCCH BLER value.

If the UE does not perform CRS IC on RLM measurements, the measured SINR on CRS will be bad and translated into high PDCCH BLER. This may cause the UE to declare RLF, even though the radio channel otherwise is not impacted by severe interference. This is particularly evident if the neighbour cell transmits an ABS subframe, where the aggressor cell interference is expected to be almost zero.

Observation 4
With colliding CRS configuration, it may be needed for the UE to perform CRS IC when performing RLM measurements in order to avoid declaring unnecessary RLF.
If the UE is configured with RLM measurement resource restrictions, only the indicated protected subframes are assumed to be useful for such measurements. The other subframes are not useful for the UE, as these can be heavily interfered, both on PDSCH and CRS. As explained earlier, the purpose of performing CRS IC on measurements is to get a better representation of the radio channel. Therefore it is not useful to perform CRS IC on subframes where both PDSCH and CRS are interfered, as is the case with non-protected subframes. Hence, if the UE would perform CRS IC in this case, it may be useful to do so according to the indicated measurement resource restrictions.
Proposal 1 If the UE is configured with RLM measurement resource restrictions, it may perform CRS IC according to these restrictions.
2.2.2.2 Neighbour cell measurements (Pattern 2)

The purpose of performing neighbour cell measurements is to compare the properties of the radio channel of various neighbour cells to the properties of the radio channel of the serving cell. This is of particular interest in handover situations.
A UE connected to the macro cell should be configured such that it is able to detect weak pico cells. In a colliding scenario the CRS of the serving macro cell interferes with the CRS of the weak pico cells, hence in order to improve detection of weak pico cells, CRS IC of the serving macro cell may be useful. The UE should also be configured to perform the measurements in the protected subframes.
Observation 5
With colliding CRS configuration, it may be beneficial for the UE to perform CRS IC when performing neighbour cell measurements in order to improve the detection of weak pico cells.
As to which subframes to perform CRS IC in, the same reasoning as in RLM can be applied to neighbour cell measurements as well. It is not so useful to perform CRS IC in the subframes indicated by the measurement resource restriction pattern.
Proposal 2 If the UE is configured with neighbour cell measurement resource restrictions, it may perform CRS IC according to these restrictions.
2.2.2.3 CSI measurements (Pattern 3)
First of all, it should be noted that there are several transmission modes for which the UE can report CSI. The following text assumes CRS-based transmission modes.

If the UE does not perform CRS IC when deriving CSI feedback, the CSI measurements will be bad and translated into smaller transport block sizes in the downlink. This may not reflect the true radio conditions, as is in particularly evident when CSI is measured in protected subframes. Thus, also in this case, it might be beneficial for the UE to perform CRS IC when performing CSI measurements.
Observation 6
With colliding CRS configuration, it may be beneficial for the CSI reporting if the UE performs CRS IC when deriving CSI feedback.

Compared to the RLM measurements, the case with CSI measurements are slightly more complicated since there would be two measurement resource restriction patterns configured for CSI measurements. However, since there are two patterns, and thus two measurements, it would be less useful if the CSI reports look similar even when the interference is different in protected and non-protected subframes. If the UE performs CRS IC on

-
both patterns, both CSI reports would be similar and report “good” radio conditions. 

-
no pattern, both CSI reports would be similar and indicate “bad” radio conditions.

The point of using two patterns is to have two CSI reports that can reflect the radio conditions properly in protected and non-protected, respectively. Hence it seems reasonable to allow the UE to perform CRS IC on one of the patterns.
Proposal 3 If the UE is configured with CSI measurement resource restrictions, it may perform CRS IC according to one of these restrictions.
2.3 The use of CRS IC

The proposals in this paper all state that the UE may use CRS IC for various configurations and use cases. We believe that the actual use of CRS IC should be based on requirements decided by RAN4, since it is up to them to decide how the UE should operate in various scenarios, e.g. the feICIC scenario.

Proposal 4 Whether or not the UE performs CRS IC is based on UE requirements decided by RAN4.
3 Conclusion

Based on the discussion in section 2 we propose the following in the case of colliding CRS:

Proposal 1
If the UE is configured with RLM measurement resource restrictions, it may perform CRS IC according to these restrictions.
Proposal 2
If the UE is configured with neighbour cell measurement resource restrictions, it may perform CRS IC according to these restrictions.
Proposal 3
If the UE is configured with CSI measurement resource restrictions, it may perform CRS IC according to one of these restrictions.
Proposal 4
Whether or not the UE performs CRS IC is based on UE requirements decided by RAN4.
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