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1. Introduction
In RAN #66, RAN4 performance WI for CRS (cell-specific reference signal) interference mitigation for LTE homogenous deployments was approved [2]. CRS interference mitigation (CRS-IM) was studied first in Rel-11 WI on FeICIC for heterogeneous network deployment. CRS-IM is also assumed to be baseline receiver processing in Rel-12 NAICS receiver. In Rel-12, RAN4 performed study on CRS interference mitigation for homogeneous deployment and the output of the study was summarized in [1]. CRS-IM WI is supposed to be based on observations/conclusions from the SI. In this contribution, we provide our view on performance requirement for CRS-IM for macro network. 
2. Discussion
2.1. Receiver structure
In [1], following was assumed as baseline receiver structure. 

· Single FFT

· Mitigates CRS interference of up to 2 cells

· No restriction on whether mitigated CRS interference is intra-/inter-site, under the assumption of synchronous networks

· The CRS assistance information, as specified for Release 11, is available for the UE
· MMSE-IRC receiver with interference covariance matrix estimation as defined in TR 36.829 as baseline receiver

Since performance requirement of CRS-IM receiver is defined as Rel-13 advanced receiver, RAN4 should consider the relationship between CRS-IM receiver and Rel-12 NAICS receiver. CRS-IM receiver and NAICS receiver share CRS-IC for improved channel estimation and CRS interference mitigation as common receiver processing but are supposed to have different handling of data tone interference. We can consider following two options for relationship between CRS-IM and NAICS receiver. 
· Option 1: Make performance requirement of CRS-IM receiver applicable only to non-NAICS receiver.
· Option 2: Make performance requirement of CRS-IM receiver applicable to both NAICS and non-NAICS receiver. 

In case performance requirement of NAICS receiver with unloaded or lightly loaded interference cell assumes CRS-IM as baseline receiver processing, we can assume that NAICS receiver includes also CRS-IM receiver. In that case, it would be redundant to apply CRS-IM receiver requirement to NAICS receiver. However, if performance of NAICS receiver is not specified for unloaded or lightly loaded interference cell, option 2 would make more sense. 
Observation 1. Applicability of CRS-IM performance requirement to NAICS receiver will depend on outcome of ongoing NAICS work item. 

2.2. Network structure
SI for CRS-IM receiver assumed following as network structure. 
· Synchronous network deployment.

· Homogeneous network deployment with 3dB handover hysteresis
· Planned cell ID layout with 3-CRS shift patterns

· Non-full buffer FTP traffic model with 0~50% target average resource utilization

In WI proposal [2], it was proposed to consider both CRS and DM-RS TMs including TM10. Since TM10 is more relevant to heterogeneous network deployment, interference model derived from homogeneous network deployment model in SI might not be directly applicable to at least TM10. 
Observation 2. Interference model derived from homogeneous network deployment might not be applicable to TM10. 

Proposal 1. Investigate how to determine interference model applicable to TM10. 

Another aspect we need to investigate is relevance of dominant colliding CRS interference in considered network deployment scenario. In SI, link level performance study was focused on non-colliding CRS interference case and colliding CRS case was not evaluated. In order to justify further study for colliding CRS case, it would be necessary to assess how often colliding CRS interference could be dominant interfering cell. 
Proposal 2. Investigate relevance of dominant colliding CRS interference under considered network deployment scenario. 

2.3. Interference model
In SI, statistical methodology was applied to derive interference profile for homogeneous network deployment. In the study, following parameters are used as statistical metric. 
· Geometry of serving cell under full loading assumption. 

· Resource utilization factor of interfering cell. 
· Dominant interfering cell INR (interference-to-noise ratio)
For serving cell geometry, 5%-tile users are taken to focus on cell edge UE performance. For both system level and link level simulation, M=2 interference cells are considered as dominant interfering cells and this seems to be reasonable assumption. 
Proposal 3. Reuse the assumption in SI for 5%-tile serving cell geometry and 2 dominant interfering cells. 
Proposal 4. For dominant interference profile, prioritize 5%-tile, 50%-tile and 75%-tile.  For resource utilization, prioritize 10% and 50%. 
2.4. Colliding CRS case
When dominant interfering cell is colliding CRS, there is an ambiguity regarding how to estimate noise/interference covariance matrix for CRS TMs. Following two options can be considered for UE implementation.
· Option 1: Include interfering cell CRS in noise/interference covariance matrix estimation. Even when data tones are actually loaded, interference structure is mostly different between CRS and data tones due to unknown precoding and TPR on data tones. When data tones are not loaded, including interference cell CRS in noise/interference covariance matrix will lead to completely inaccurate estimation. 
· Option 2: Exclude interfering cell CRS in noise/interference covariance matrix estimation. When data tones are not loaded, it will lead to accurate noise/covariance matrix estimation. Otherwise, noise/interference covariance matrix estimation will be completely inaccurate. 
It is obvious that either option could lead to wrong covariance matrix estimation for some case. On the other hand, cancellation of interference cell CRS will improve serving cell channel estimation. RAN4 should first study performance of different UE implementation under colliding CRS scenario with difference interference loading and decide whether it could be beneficial to introduce performance requirement for colliding CRS case. 
Proposal 5. Study the performance of different UE implementation options for CRS TMs under colliding CRS interference with difference interference loading. 
On the other hand, for DM-RS TMs, CRS interference mitigation for colliding CRS case can provide limited benefit to PDSCH demodulation since demodulation and noise/interference estimation for DM-RS PDSCH are performance based on DM-RS tones. Potential benefit can be expected in CRS-based UE receiver function such as time and frequency tracking, control channel demodulation and radio link monitoring but we would like to deprioritize verification of such aspect. 
Proposal 6. Deprioritize performance study of DM-RS TMs under colliding CRS interference. 

3. Conclusions

In this contribution, we provided our view on performance requirement for CRS-IM for macro network.  Our observations and proposals are
Observation 1. Applicability of CRS-IM performance requirement to NAICS receiver will depend on outcome of ongoing NAICS work item. 

Observation 2. Interference model derived from homogeneous network deployment might not be applicable to TM10. 

Proposal 1. Investigate how to determine interference model applicable to TM10. 

Proposal 2. Investigate relevance of dominant colliding CRS interference under considered network deployment scenario. 

Proposal 3. Reuse the assumption in SI for 5%-tile serving cell geometry and 2 dominant interfering cells. 

Proposal 4. For dominant interference profile, prioritize 5%-tile, 50%-tile and 75%-tile.  For resource utilization, prioritize 10% and 50%. 

Proposal 5. Study the performance of different UE implementation options for CRS TMs under colliding CRS interference with difference interference loading. 

Proposal 6. Deprioritize performance study of DM-RS TMs under colliding CRS interference. 
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