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1 Background
In [1], there have been discussed issues related to using MBSFN subframes for eICIC. In this contribution, we further elaborate on the remaining issues.
2 ABS patterns and restricted measurement patterns

To enable restricted measurements for RRM, RLM, CSI and demodulation, the UE may be configured via RRC with the following set of patterns,

· Pattern 1, indicating
RRM and RLM measurement resource restriction for the serving/primary cell,
· Pattern 2, indicating RRM measurement resource restriction for neighbour cells,
· Pattern 3, indicating CSI measurement resource restriction for the serving cell with 2 subframe subsets configured per UE.

The UE may receive at most one pattern of each type. Each of the patterns is a bit string indicating restricted and unrestricted subframes characterized by a length and periodicity, which are different for FDD and TDD (40 subframes for FDD; 20, 60 or 70 subframes for TDD).
Restricted measurement subframes are configured to allow the UE to perform measurements in subframes with improved interference conditions, which may be implemented by configuring Almost Blank Subframe (ABS) patterns at eNodeBs. Generally, different eNodeBs may have different ABS patterns, if any. Therefore, restricted measurement patterns generally are not the same as ABS patterns.
A UE configured with a restricted measurement pattern may also receive MBSFN configuration information. The configured MBSFN subframes may or may not contain MBMS traffic and may or may not coincide with ABS and may or may not coincide with the configured restricted measurement pattern. If an MBSFN subframe coincides with an ABS, the subframe is considered as ABS (MBSFN-based ABS), and it has no CRS transmitted in the data region. The UE may receive some limited information about MBSFN configuration, which is, however, not sufficient for the UE to exactly determine the neighbour cell MBSFN configuration, as explained in the next section.
3 Available MBSFN configuration information
The MBSFN configuration information for neighbor cells that can be provided to the UE is very limited. More specifically, as a part of measurement configuration, the following MBSFN information may be available to the UE:
· configuration of the serving cell,
· configuration indicator for intra-frequency E-UTRA neighbor cells,

· configuration indicator for inter-frequency E-UTRA neighbor cells,
where from the configuration indicators the UE may have the information on

· Whether or not all neighbour cells on the concerned frequency have the same MBSFN subframe allocation as the serving/primary cell, or
· Whether or not the MBSFN subframe allocations of all neighbour cells on the concerned frequency are identical to or subsets of that in the serving/primary cell, or
· Whether or not no MBSFN subframes are present in all neighbour cells on the concerned frequency.
As one can observe, unless all cells use the same MBSFN configuration or do not use it at all, the amount of the information as described above is insufficient for the UE to find out, e.g.,
· Whether MBSFN subframes are used in a particular neighbor cell,
· Which of the neighbor cell subframes indicated for restricted measurements are MBSFN subframes.
In compliance with the Rel-8 UE behavior of handling MBSFN subframes, when MBSFN is configured in the neighbor cell(s), the UE assumes that the CRS are available only in symbol # 0 of the MBSFN subframes (which may be configured in any of the subframes # 1, 2, 3, 6, 7, 8 for FDD and subframes # 3, 4, 7, 8, 9 for TDD).
Given that only one pattern may be used for neighbor cell measurements, such limited information makes challenging to properly configure UE measurements when MBSFN subframes are used in at least one cell.
4 UE measurements in MBSFN subframes with eICIC
When performing RRM measurements (i.e. cell search and RSRP/RSRQ) on a neighbor cell, there is no substantial difference between performing measurements in regular subframes and performing measurements in non-MBSFN ABS subframes of the measured cell, since CRS are transmitted in both cases in all CRS symbols (e.g., symbols 0, 4, 7 and 11 with normal CP). For RRM measurements in the restricted measurement subframes, the UE may then use all CRS symbols or at least symbols 4, 7, 11, e.g., when high interference is expected on symbol 0. This has also been the assumption for link-level simulation studies used for defining eICIC RRM requirements [2,3,4].
The situation is different when the measured subframes are MBSFN subframes. There can be different UE implementations in terms of considering CRS symbols for RRM measurements in MBSFN subframes. For example, in one implementation the UE may choose not to perform RRM measurements in MBSFN subframes in an eICIC scenario. In another implementation the UE may perform RRM measurements over CRS transmitted in symbol # 0 of the MBSFN subframes. In both examples it is evident that for performing RRM measurements, the UE will at most use CRS in symbol # 0 of the restricted subframe if it is one of the MBSFN subframes. Due to insufficient measurement samples, measurement accuracies of the RRM measurements will be deteriorated in such subframes. Especially in the second example (i.e. UE performs measurement using symbol # 0), if the signal quality in symbol # 0 is poor then the measurement accuracy will be substantially affected. It is, therefore, not clear what a typical UE will do when restricted measurements are configured and an MBSFN configuration indicator indicates that MBSFN subframes may in general be configured in the measured cell, especially given the assumptions for the eICIC requirements. 
From the above, it is evident that it is important to ensure that the UE behaviour is non-ambiguous in eICIC scenarios. Furthermore, the UE behavior should be consistent with the assumptions used for deriving the measurement accuracies of the RRM measurements. Otherwise, there is a risk that some UE won’t meet the requirements and/or exhibit deteriorated performance in the field.
Proposal 1: Clarify that the UE shall perform measurements in the subframes indicated for restricted measurements, even when blank MBSFN subframes are configured in some neighbor cell(s).
Proposal 2: When measuring neighbor cells in the subframes configured for restricted RRM measurements, the UE shall assume non-MBSFN subframe configuration in all the restricted subframes of the measured neighbor even if MBSFN subframes may be used in some neighbor cells e.g. according to the MBSFN configuration indicator.
Proposal 3: To align with the simulations that defined the eICIC requirements, the UE shall assume non-MBSFN subframe configuration in the serving cell when performing RRM and RLM measurements in the restricted measurement subframes.
5 Summary

It has been observed that some UEs may decide to not perform measurements on cells when it suspects that MBSFN subframes may be configured in that cell, which can make it challenging for the network to ensure good performance. To ensure non-ambiguous UE behavior, the following is proposed. 

The proposed UE behavior is preferably clarified in RAN2 specification (TS 36.331). In that case an LS needs to be sent to RAN2 with a recommended action. 
Proposal 1: Clarify that the UE shall perform measurements in the subframes indicated for restricted measurements, even when blank MBSFN subframes are configured in some neighbor cell(s).
Proposal 2: When measuring neighbor cells in the subframes configured for restricted RRM measurements, the UE shall assume non-MBSFN subframe configuration in all the restricted subframes of the measured neighbor even if MBSFN subframes may be used in some neighbor cells e.g. according to the MBSFN configuration indicator.
Proposal 3: To align with the simulations that defined the eICIC requirements, the UE shall assume non-MBSFN subframe configuration in the serving cell when performing RRM and RLM measurements in the restricted measurement subframes.
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