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1. Introduction
Rel-10 eICIC introduced the subframe-restricted CSI measurement by configuring two CSI subframe sets in order for a UE to derive and feedback accurate CSI according to the interference condition that is dependent of the ABS configuration of the aggressor cells. The main principle was that the interference condition is kept consistent within a CSI subframe set so that a UE is allowed to derive the CSI which represents the characteristics of the corresponding CSI subframe set based on an unrestricted observation within the subframe set. The network provides the consistency by fixing the ABS configuration of the aggressor cells, at least in a semi-static manner.
It is expected that the above eICIC principle of subframe-restricted CSI measurement will be kept in Rel-11 FeICIC works because the configuration of ABS is still the means to mitigate the dominant interference from the aggressor cells even though reduced non-zero power transmission can be allowed in ABS [1]. Noting that a Rel-10 UE is not aware of the existence of CRS interference from the aggressor cells in demodulating DL physical channels, the CSI derivation in Rel-11 FeICIC differs from that in Rel-10 eICIC in the sense that a Rel-11 UE is now able to recognize the presence of CRS interference from the aggressor cells. To be specific, if a UE is equipped with a RX-based technique to mitigate the CRS interference, the corresponding CRS interference handling process can result in some change in the sustainable MCS level in comparison to the case where no CRS interference exist at all by the MBSFN subframe configuration in the aggressor cells. If PDSCH rate matching is introduced as a TX-based technique, the number of available REs is affected by the application of rate matching which is dependent of the MBSFN subframe configuration in the aggressor cells. As a result, the CSI derived under FeICIC operation may differ in MBSFN ABS and non-MBSFN ABS. Here, non-MBSFN ABS and MBSFN ABS respectively refer to the ABS configured as MBSFN subframe and non-MBSFN subframe in the aggressor cell. As shown in Figures 1(a) and 1(b), no CRS interference appears in PDSCH demodulation in MBSFN ABS while the aggressor cell CRS is a source of interference in non-MBSFN ABS.
This contribution provides some discussion about how to enable a consistent CSI derivation with the subframe-restricted CSI measurement in Rel-11 FeICIC.

[image: image1.emf]Aggressor 

cell

CRS

Victim cell

(a)

Aggressor 

cell

CRS

Victim cell

(b)


Figure 1. CRS interference from the aggressor cell in (a) MBSFN ABS and (b) non-MBSFN ABS (assuming non-colliding CRS between the aggressor and victim cells).

2. Discussions
· CSI derived in MBSFN and non-MBSFN ABS
Two types of RX-based techniques have been considered so far for PDSCH demodulation [2]. One is the interference suppression receiver which first subtracts the CRS interference from the received signal and then detects the serving cell channel. The other is the CRS RE puncturing receiver which discards the REs corrupted by the CRS interference in decoding the serving cell channel.
The two techniques share the commonality that the PDSCH decoding performance in non-MBSFN ABS is not the same as that in MBSFN ABS because the CRS interference is not cancelled perfectly. In the interference suppression receiver case, as noted in [3] and [4], a portion of aggressor CRS still remains as interference even after the subtraction process. The level of this residual interference depends on the cancellation processor implementation and the strength of the CRS interference. This residual interference causes some performance degradation (i.e., increased BLER of PDSCH for a given MCS) in comparison to the MBSFN-ABS case where no CRS interference is present. In the RE puncturing receiver case, as observed in [5], discarding the corrupted REs results in some throughput degradation due to the effective coding rate increased after the puncturing process. Furthermore, the level of performance degradation is dependent of the number of assigned RBs because the impact of CRS interference handling is not uniformly spread over the entire code block segments as discussed in [5].
Due to imperfect CRS interference handling, the CSI derived in MBSFN ABS and non-MBSFN ABS would be different from each other. In other word, the MCS level which meets the 10% BLER requirement in MBSFN ABS will lead to a BLER higher than 10% in non-MBSFN ABS. Here, the CSI derived in subframe x means that the subframe x is the reference resource when that CSI is derived. In this sense, the CSI derived under the assumption of RX-based techniques may not be kept consistent within the set of ABS when MBSFN and non-MBSFN ABS are mixed together.
In case of TX-based solution, PDSCH muting and rate matching has been proposed. The victim cell sets zero power REs on the CRS of the aggressor cells and PDSCH is rate matched around the zero power REs. As this technique avoids the CRS interference in PDSCH mapping, the only difference between MBSFN and non-MBSFN ABS is the number of available REs similarly to the RE puncturing receiver case.
Observation 1: The CSI derived in MBSFN ABS and non-MBSFN ABS can be different from each other both in RX- and TX-based techniques.
Observation 2: The number of assigned RBs can affect the derived CSI in RX-based techniques.
· The consistency in the CSI derivation

It is a general principle of LTE CSI derivation procedure to make the characteristics of the CSI reference resource as consistent as possible. Such an example is the CRS overhead assumption in TM9 in which a UE always assumes that CRS appears in the reference resources regardless of the serving cell MBSFN subframe configuration [6]. By this consistency, the network is able to recognize that the change of the reported CSI comes from the change of the channel condition because the change of the subframe configuration of the reference resources does not affect the CSI derivation. Also, UE is able to calculate the CSIs that are to be reported in a sequential manner based on a common ground. For example, the same number of REs can be assumed when deriving RI and the subsequent PMI/CQI in periodic CSI reporting.
Following the above principle, it seems easy to provide a consistent reference resource for a UE operating under the TX-based technique. Similarly to the CRS RE assumption in TM9, a UE can be enforced to assume PDSCH muting and rate matching in all the subframes once such technique is configured to be used. A similar approach may be taken for the RX-based techniques by assuming the presence of CRS interference in all the subframes so that the UE reflects the impact of the CRS interference handling process even in MBSFN ABS. If the number of assigned RBs causes non-negligible difference in CSI derivation under RX-based techniques, an additional mechanism needs to be introduced.
Observation 3: An appropriate assumption in CSI derivation can be useful in supporting the consistency in the CSI reference resources, especially for the TX-based technique case.
Another method is to separate MBSFN ABS and non-MBSFN ABS when the network configures the CSI subframe sets to guarantee the consistency within each subframe set. However, this method has the limitation that at least two CSI subframe sets are needed for the CSI targeting ABS when MBSFN and non-MBSFN ABS are mixed together. In addition, each CSI subframe set contains only a limited number of subframes which is seen as a restriction in triggering aperiodic CSI report.
3. Conclusion
In this contribution, we discussed the CSI derivation in MBSFN ABS and non-MBSFN ABS at a UE for which RX- or TX-based techniques are deployed to the CRS interference from the aggressor cells. The following observations were made based on the evaluation results provided so far:
Observation 1: The CSI derived in MBSFN ABS and non-MBSFN ABS can be different from each other both in RX- and TX-based techniques.

Observation 2: The number of assigned RBs can affect the derived CSI in RX-based techniques.
Observation 3: An appropriate assumption in CSI derivation can be useful in supporting the consistency in the CSI reference resources, especially for the TX-based technique case.
From these observations, we propose the following:
Proposal: Further study is needed to support the consistency of the CSI reference resources for both RX- and TX-based techniques.
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