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1 Introduction
RAN2 in [1]

 REF _Ref345960527 \r \h 
[2] provides preliminary UE behaviors for CRS mitigation (see Appendix), and some behaviors are left FFS by RAN2 to be decided by RAN4. Although RAN4 generally has a good consensus of how CRS-IM (interference mitigation) should be handled for various scenarios, there is still scenarios where UE behavior is ambiguously defined at best. In this paper, we discuss such scenario and propose unambiguous UE behavior for CRS-IM.
The CRS-IM affects the UE’s measurements, demod, and CSI performance through the following ways.

[CRS-IM-Use1]  CRS-IM of dominant aggressors enables more accurate measurement (RSRP) of the serving or neighbor cells.

[CRS-IM-Use2]  CRS-IM of dominant aggressors enables more accurate channel estimation of the serving cell, which improves the CSI and RLM accuracy and the demod performance.

[CRS-IM-Use3]  CRS-IM of dominant aggressors is essential in interference estimation for the serving cell CSI, RLM, and demod.
The ambiguous UE behavior arises mostly in relation to [CRS-IM-Use3], so this contribution will mainly discuss the interference estimation issue in relation to CRS-IM.
For convenience, we use shorthand notations as follows

· csi-MeasSubframeSet1 ( CCSI,0
· csi-MeasSubframeSet2 ( CCSI,1
· MeasPCell ( MeasPCell
· measSubframePatternConfigNeigh ( MeasNeigh
· NeighCellsCRSInfo-r11 (NeighCellsCRSInfo

2 Discussion
Proper interference estimation is essential in UE’s CSI, RLM, and demod performance. Consider a simple illustration of a UE seeing one dominant aggressor having colliding-CRS. On CRS REs, the received signal at the UE may be modeled as:
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 are the serving cell and the aggressor channels, respectively, and 
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 are the transmitted CRS symbols, and 
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 is the additive noise capturing all the other cell interference.
On data REs on non-ABS subframes, the received signal at the UE may be modeled as:
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where 
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 are the transmitted data symbols. For simplicity of illustration, we have ignored traffic-to-pilot ratio and precoding.

On data REs on ABS subframes, the received signal at the UE may be modeled as:
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From the above, the interference estimation at the UE for non-ABS and ABS subframes should be
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where 
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 represents the covariance of 
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. In other words, the UE should assume that the aggressor interference is mitigated via CRS-IM on ABS subframes, and the UE should NOT assume such mitigation on non-ABS subframes.
From this, it is clear that the UE should be told clearly when to compute the interference as 
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 or 
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.
Note that the UE is not aware of ABS patterns, Instead, the UE relies on the Rel-10/Rel-11 signaling to determine whether to compute the interference as 
[image: image16.wmf]non-ABS

I

 or 
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.
2.1 Example scenarios
2.1.1 UE in pico CRE
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Figure 1: Pico CRE UE
In this example, the UE is in the pico CRE region. The UE performs the serving cell RLM/RRM measurements on the subframes indicated by MeasPCell. For the RLM/RRM to work properly, the pattern should correspond to (i.e. be a subset of) ABS subframe instances. For the RLM, UE assumes 
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. Similarly, on subframes indicated by CCSI,0, the UE performs CSI measurements assuming 
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. On subframes indicated by CCSI,1, the UE performs CSI measurements assuming 
[image: image21.wmf]non-ABS

I

. For these to work properly, CCSI,0 should correspond to (i.e. be a subset of) ABS subframes, and CCSI,1 should correspond to (i.e. be a subset of) non-ABS subframes.
In this example, MeasNeigh is also configured to enable reliable neighbor pico cell measurement. Similarly to the above, MeasNeigh will have to correspond to ABS subframes. However, Note that MeasNeigh is related to RSRP and does not involve interference estimation, and therefore this does not create an ambiguity for UE.
Note that by definition of CSI and RLM (TS36.213; TS36.133) the interference estimation for CSI and RLM should be consistent with that for demod. That is, on subframes where the CSI/RLM is performed assuming the aggressor interference is mitigated, the interference estimation for demod should also be performed based on the same assumption. Similarly, on subframes where the CSI/RLM is performed assuming the aggressor interference is not mitigated, the interference estimation for demod should also be performed based on the same assumption. It would be neither correct nor desirable for UE to mitigate the aggressor interference for the interference estimation of one purpose (i.e. for CSI) but not mitigate the aggressor interference for the interference estimation of the other purpose (i.e. for RLM) for the same subframe.
Observation 1: the UE’s assumption on the mitigation of the aggressor interference toward UE’s interference estimation should be consistent among CSI, RLM, and demod for the given subframe.
Ideally, it should follow the ABS pattern whether the UE has to assume 
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. However, the ABS pattern is not known to the UE, and instead, the UE relies on the above-mentioned signaling to determine whether the UE should assume 
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 for a given subframe.
What Observation 1 means is that on subframes indicated by CCSI,0 or MeasPCell, the UE should perform interference estimation for demod assuming 
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.  On subframes indicated by CCSI,1, the UE should perform interference estimation for demod assuming 
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. For these to work properly, both CCSI,0 and MeasPCell should correspond to (i.e. be a subset of) ABS subframes, and CCSI,1 should correspond to (i.e. be a subset of) non-ABS subframes.

Observation 2: On ABS subframes (indirectly signaled to UE by CCSI,0 or MeasPCell), the UE should perform interference estimation for demod assuming that the macro interference is mitigated via CRS-IM.
Observation 3: On non-ABS subframes (indirectly signaled to UE by CCSI,1), the UE should perform interference estimation for demod assuming that the macro interference is NOT mitigated via CRS-IM.

Here, we see the potentially conflicting indication to UE. That is, if MeasPCell overlaps with CCSI,1, it is not clear whether the UE should assume 
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 for the subframe. 
Observation 4: If MeasPCell overlaps with CCSI,1, it is not clear whether the UE should assume the mitigation of the macro interference or not for interference estimation for the subframe.

As long as the network makes sure that MeasPCell and CCSI,0 are all subsets of ABS subframes, and CCSI,1 is a subset of non-ABS subframes, there is no conflicting behavior at UE. Fortunately in this example, there is no reason the network should deviate from such a setup. However, as we illustrate in the next example, this may not always be the case.
2.1.2 UE in macro and configured to search for weak pico cells
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Figure 2: Macro UE (case 1)
This example corresponds to a scenario where eICIC/FeICIC cell detection requirement is applied.
In this example, the UE is associated with a macro in FeICIC deployment. The UE is being served only on non-ABS subframes to avoid interference to pico CRE UEs. In this example, CCSI,0 and CCSI,1 are not configured (though they could have been configured). The UE is configured to search for and measure nearby victim pico cells. To facilitate such a victim measurement, MeasNeigh is configured on (a subset of) ABS subframes, NeighCellsCRSInfo is provided containing information of both macro cells, and the UE performs CRS-IM of both macro cells to be able to find and/or reliably measure the victim pico cell. Note that MeasNeigh is related to RSRP and does not involve interference estimation, and therefore this does not impose any consistency problems for CSI/RLM/demod. 
Now, suppose the network further wants to configure MeasPCell in addition to the above:
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Figure 3: Macro UE (case 2)
In this example, the MeasPCell is set on non-ABS subframes. The intention for the network in configuring MeasPCell would be to enable restricted measurements. That is, the network wants the UE to use only non-ABS subframes for RLM and RSRP. However, this causes an unintended ambiguity for UE regarding CRS-IM, on whether the UE has to use 
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 or 
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 for the subframe. Obviously, it would be wrong for the UE being served on non-ABS to use 
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, but the RAN2 description seems to indicate that the UE has to assume the macro interference is mitigated (i.e. use 
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) for RLM for subframes indicated by MeasPCell. Furthermore, from Observation 1, the UE will also apply the same assumption on the macro interference mitigation (i.e. use 
[image: image36.wmf]ABS

I

) for CSI and demod as well. Overall, this is clearly a wrong behavior, as the subframe is non-ABS and the UE is a macro UE. In particular, this will cause
· RLM mismatch: the UE will report RLM based on 
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.

· CSI mismatch: the UE will report optimistic CSI based on 
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.

· Demod degradation: the UE will perform interference estimation based on 
[image: image39.wmf]ABS

I

. This may significantly degrade the demod performance, even under a weak aggressor, as illustrated in Figure 4.
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Figure 4: Demod performance degradation when assuming 
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 on non-ABS subframes. The figure on the left shows 1dB degradation under a 0dB interferer. The figure on the right shows 4dB degradation under a 6dB interferer.

Note 1: One may argue that one solution for the above is for the UE to use 
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 when served by the macro and use 
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 when served by the pico. However, the UE is generally not aware of whether its serving cell is macro or pico, and even if the UE knew, it would not be desirable to define different UE behaviors depending on the serving cell type unless such is defined explicitly through signaling.

Note 2: One may argue that the dominant non-serving macro cell is likely to have non-colliding CRS w.r.t. the serving macro cell, but that’s not necessarily the case in real deployments due to e.g. imperfect planning. It would be highly undesirable if we leave the FeICIC broken whenever the macro UE sees a neighboring macro cell with colliding CRS. Also, some UEs may perform CRS-IM of more than two aggressors, in which case at least one of the aggressors is highly likely to have colliding-CRS. As seen in Figure 4, CRS-IM of even a weak aggressor has impact on demod. It would be unfair if UEs cancelling more than two aggressors are under penalty.
Note 3: A similar set-up (MeasPCell on non-ABS subframe) is used for Rel-10 eICIC RRM tests. However, this does not create a problem, as the problem arises only in conjunction with CRS-IM.
Observation 5: Configuring MeasPCell on non-ABS subframes may create ambiguity for UE CRS-IM behavior.

2.2 Solutions
2.2.1 Option 1

As long as the network does not configure MeasPCell on non-ABS subframes, the ambiguity in Section 2.1.2 does not occur.

Option 1:

· UE behavior
· On subframes indicated by CCSI,0 or MeasPCell, the UE performs interference estimation for CSI/RLM/demod assuming that the macro interference is mitigated via CRS-IM (
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)
· On subframes indicated by CCSI,1, the UE performs interference estimation for CSI/RLM/demod assuming that the macro interference is NOT mitigated via CRS-IM (
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). 
· Network behavior

· Network ensures that CCSI,0 and MeasPCell are set only on ABS subframes and CCSI,1 is set only on non-ABS subframes, thereby avoiding collision between MeasPCell and CCSI,1.
The downside is that it limits the network’s flexibility in configuring MeasPCell.
2.2.2 Option 2
If we define the UE behavior such that MeasPCell alone does not trigger CRS-IM, the ambiguity will be resolved. And this will maintain the ability for the network to configure MeasPCell on either ABS or non-ABS subframes for macro UEs (as in the example in Section 2.1.2).
Option 2:

· UE behavior
· On subframes indicated by CCSI,0, the UE performs interference estimation for CSI/RLM/demod assuming that the macro interference is mitigated via CRS-IM (
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)
· On subframes indicated by CCSI,1, the UE should perform interference estimation for CSI/RLM/demod assuming that the macro interference is NOT mitigated via CRS-IM (
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). 
· If CCSI,0  and CCSI,1 are not configured, the UE should perform interference estimation for CSI/RLM/demod assuming that the macro interference is NOT mitigated via CRS-IM (
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).
· Network behavior

· If CCSI,0  and CCSI,1 are configured, the network ensures that MeasPCell is either a subset of CCSI,0  or CCSI,1.
If the Option 2 is adopted, we further propose to modify one of CSI tests setup such that that the MeasPCell falls on non-ABS subframes in order for functional verification of the UE CRS-IM behavior.
Proposal 1: We propose either Option 1 or Option 2 is adopted as a solution. Among the two options, Option 2 is preferred.

Proposal 2: If the Option 2 is adopted, we further propose that the UE behavior is functionally verified through either or both of the following: (1) by intentionally setting the MeasPCell equal to CCSI,1 (i.e. non-ABS subframes) in the static CQI test, and/or (2) by introducing a new RLM test where MeasPCell is configured on non-ABS subframes.
Note that as stated earlier, the proposal only concerns interference estimation [CRS-IM-Use3] but not measurements [CRS-IM-Use1]. For example, in the option 2, when CCSI,0  and CCSI,1 are not configured, the UE will use 
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 for CSI/RLM/demod in all subframes. However, the UE will still have to perform CRS-IM on subframes indicated by MeasNeigh to meet Rel-11 cell detection requirement.
3 Conclusions
We pointed out a potential ambiguity for the UE CRS-IM behavior and proposed two options as solutions. 
We observe:

Observation 1: the UE’s assumption on the mitigation of the aggressor interference toward UE’s interference estimation should be consistent among CSI, RLM, and demod for the given subframe.
Observation 2: On ABS subframes (indirectly signaled to UE by CCSI,0 or MeasPCell), the UE should perform interference estimation for demod assuming that the macro interference is mitigated via CRS-IM.
Observation 3: On non-ABS subframes (indirectly signaled to UE by CCSI,1), the UE should perform interference estimation for demod assuming that the macro interference is NOT mitigated via CRS-IM.
Observation 4: If MeasPCell overlaps with CCSI,1, it is not clear whether the UE should assume the mitigation of the macro interference or not for interference estimation for the subframe.
Observation 5: Configuring MeasPCell on non-ABS subframes may create ambiguity for UE CRS-IM behavior.


Proposal 1: We propose either Option 1 or Option 2 is adopted as a solution. Among the two options, Option 2 is preferred.
Proposal 2: If the Option 2 is adopted, we further propose that the UE behavior is functionally verified through either or both of the following: (1) by intentionally setting the MeasPCell equal to CCSI,1 (i.e. non-ABS subframes) in the static CQI test, and/or (2) by introducing a new RLM test where MeasPCell is configured on non-ABS subframes.
4 
Appendix
In Rel-11 FeICIC, a new signalling called NeighCellsCRSInfo-r11 was added to assist UE’s CRS interference mitigation. The NeighCellsCRSInfo-r11 contains an array of CRS-AssistanceInfo of neighboring cells. The CRS-AssistanceInfo contains the physical cell ID, the number of antenna ports, and the MBSFN subframe configuration of a cell for which CRS interference mitigation may be applied.

RAN2 in [1]

 REF _Ref345960527 \r \h 
[2] provides preliminary UE behaviors under the signalling. The RAN2 description says

NeighCellsCRSInfo-r11 ::=

CHOICE {


release






NULL,


setup






CRS-AssistanceInfoList-r11
}
CRS-AssistanceInfoList-r11 ::=
SEQUENCE (SIZE (1.. maxCellReport)) OF CRS-AssistanceInfo

CRS-AssistanceInfo ::= SEQUENCE {


physCellId-r11





PhysCellId,


antennaPortsCount-r11



ENUMERATED {an1, an2, an4, spare1}

mbsfn-SubframeConfigList-r11

MBSFN-SubframeConfigList
}

neighCellsCRSInfo
This field contains assistance information for UE to mitigate interference from CRS while performing RRM/RLM/CSI measurement or data demodulation. The UE forwards the received CRS assistance information to lower layers.
When the received CRS assistance information is for a cell with CRS colliding with that of the CRS of the cell to measure, the UE may use the CRS assistance information to mitigate CRS interference (as specified in [FFS]) on the subframes indicated by MeasPCell, measSubframePatternConfigNeigh and csi-MeasSubframeSet1. Furthermore, the UE may use CRS assistance information to mitigate CRS interference from the cells in the IE for the demodulation purpose as specified in [FFS].
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