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1 Introduction
In the last plenary, a new study item was approved for CRS Interference Mitigation for Homogenous Deployments [1].

The objectives of this Study Items are:

· Identify the partial traffic loading levels and other realistic system level parameters (e.g. traffic and interference models including interference level, time offset between cells and frequency offset between cells) and performance metrics for studying the feasibility of CRS IM in a synchronized homogenous network assuming:

· 3GPP Case 1 as a starting point

· non-colliding CRS between serving and dominant aggressor/interfering cells and

· non-colliding CRS between dominant aggressor/interfering cells

· The homogeneous deployment and relevant system parameters should reuse as much as possible those defined in the Rel-11 performance study of MMSE-IRC  

· Identify the baseline receiver which can be used for evaluating the gain of CRS IM in a synchronized homogenous network considering:

· Reuse of CRS IM receiver assumed for Release 11 FeICIC.

· Reuse of MMSE-IRC receiver as the baseline receiver. MMSE-IRC does not differentiate CRS or data interference when suppressing them and was assumed for Release 11 work item on interference rejection combining.

· Agree on interference levels, interference models and simulation parameters for link level evaluations.

· Evaluate the system level and link level gains of CRS IM with respect to the baseline MMSE-IRC receiver in a synchronized homogenous network deployment under the various loading levels identified.

· Gains of CRS IM from 1 and 2 aggressor cells CRS shall be evaluated and compared.

· Modeling of realistic CRS IM receiver for system level performance evaluation should be clarified and agreed if possible

· Investigate UE complexity tradeoffs e.g. tradeoff between number of interferers to cancel and the number of transmit antenna ports.

· The introduction of CRS IM based receiver requirements for homogenous deployments will only use the existing Release 11 signaling of CRS assistance information.

Note 1: Interference from neighboring cells’ PDSCH is not the focus of this study item. Any interference from data, which varies according to the traffic loading level, is assumed to be suppressed in the same way as in Rel-11 with the baseline MMSE-IRC receivers. 

Note 2: Non-colliding CRS is prioritized and will be studied first while colliding CRS is not precluded. But the study will focus only on UE demodulation aspects.

Work Task Breakdown for RAN4:

· TSG RAN4 #66bis (April 2013): 

· Agreement on scenarios and simulation assumptions for system simulations including traffic loading levels. 

· Agreement on the baseline receiver.

TSG RAN4 #67 (May 2013): 

· First review of system simulation results

· Agreements on link simulation assumptions based on traffic loading levels evaluated and the corresponding gain observed. 

TSG RAN4 #68 (August 2013): 

· Review of final system simulation results including realistic CRS IM modeling
· Review of link simulation results

· Conclusion on CRS IM gain in synchronous homogeneous network deployments.

RAN4 study is needed to understand the significance of any potential performance gain and the corresponding traffic loading levels. If the gain is justified for specific loading levels, UE performance requirement for CRS IM could be specified with additional performance requirements.
In this contribution we discuss our views on homogenous CRS-IM.
2 Discussion
As mentioned in the study item description, the first step toward the study is to identify and study the system level parameters, including the partial traffic loading levels and other realistic system level parameters such as interference levels and timing and frequency offset.

As is clearly stated in the study item description, the study aims at reusing the CRS-IM receiver implementation without introducing any new signaling. The study item has a very clearly defined scope, centering on the two:
· Reusing the CRS-IM receiver implementation without introducing any new signaling
· Performance under homogeneous deployment, with MMSE-IRC as baseline
CRS-IM has already been extensively studied, and its receiver requirements have been standardized for heterogeneous deployments in Rel-11. At the same time, the homogeneous network deployments were extensively studied during Rel-11 MMSE-IRC receiver specification. RAN4 spent significant amount of time for these two items over the past couple of years. With the extensive study already done for these two pillars, RAN4 should strive to reuse existing assumptions/analysis/study as much as possible and minimize any new work.
Proposal 1: Given the clear and narrow scope of the study item, and given the extensive study already done for FeICIC and MMSE-IRC, RAN4 should strive to reuse existing assumptions/analysis/study as much as possible and minimize any new work.
PCI planning

Although many of the UEs may observe the first two dominant interferers to have non-colliding CRS in RAN1/4 simulation scenarios, this is merely an artifact of the perfect PCI planning. In real deployments, the network planning is neither perfect nor hexagonal, and many UEs are expected to see dominant interferers with colliding CRS. Furthermore, many of the FeICIC simulation results indicate that the CRS-IM gain is larger under colliding-CRS than non-colliding-CRS, and it is expected that the same will be the case for homogeneous deployments. Therefore, colliding-CRS is an important aspect that needs to be studied for larger system/link throughput gain.
However, it is unclear whether the existing signaling would be sufficient to support colliding-CRS. Without the help of explicit ABS subframes and CSI support, the gain under colliding-CRS is not likely to materialize. This is not a concern for the Network-Assisted Interference Cancellation and Suppression (NAICS), as interference from data channels are also mitigated. Therefore, for NAICS, both colliding-CRS and non-colliding CRS should be studied. For homogeneous CRS-IC, the priority should be given to non-colliding CRS, while colliding CRS could be studied to understand the potential gain only if time permits.
Proposal 2: Colliding-CRS scenario has a larger potential gain and should be studied for NAICS, while homogeneous CRS-IC study should focus on non-colliding-CRS.
Triggering condition
As mentioned in the study item description, the scope of this study is to evaluate the performance of the CRS-IM receiver that is already defined for Rel-11 FeICIC to see feasibility under homogeneous deployment. Hence, the baseline receiver for homogeneous CRS-IM should be the same as the CRS-IM used for FeICIC.

However, the gain in the homogeneous deployment is expected to be much smaller than that in HetNet CRE. Therefore, it is important to consider the trade-off between the performance gain and the UEs’ extra processing effort. In fact, there are several scenarios where the UE may not benefit much by enable CRS-IM. These scenarios include

· UE is served with VoIP or background traffic, for which increasing throughput is of less consideration.

· The UE wants to conserve power

· This could be due to user preference.

· This could be due to UE running out of battery.

· UE expects little gain with CRS-IM, due to e.g. higher network loading and/or weak interferers. These may be based on UE internal measurements not reported to eNB.

Many of these factors are unknown to the network, so it may not be practical if the UE is mandated to perform CRS-IM whenever the neighCellsCRSInfo is provided. UE should be allowed a choice whether to turn on or off CRS-IM by considering the various parameters listed above.

Proposal 3: UE should be given flexibility to turn CRS-IM on or off based on various factors such as UE conditions and user preference.

PBCH IC
The baseline receiver for FeICIC involves PSS/SSS IC and PBCH IC as well as CRS-IM.  Although the homogeneous CRS-IM study will focus only on UE demodulation aspects, the interference from neighboring PBCH of non-colliding CRS impacts the demod performance. Therefore, PBCH IC of neighboring PBCH could potentially improve the serving cell demod. However, the main purpose of PBCH IC in FeICIC is to enable weak cell PBCH detection for CRE UEs rather than to improve the serving cell demod performance. Since there is no need of improving the Rel-8 PBCH detection performance for the homogeneous deployment, we propose not to consider PBCH IC for the baseline receiver of homogeneous CRS-IM.

Proposal 4: Do not assume PBCH IC for the baseline receiver.

3 Conclusions
In this contribution we provide our view on homogeneous CRS-IM study item, assumptions for system simulations, and the baseline receiver. We propose
Proposal 1: Given the clear and narrow scope of the study item, and given the extensive study already done for FeICIC and MMSE-IRC, RAN4 should strive to reuse existing assumptions/analysis/study as much as possible and minimize any new work.
Proposal 2: Colliding-CRS scenario has a larger potential gain and should be studied for NAICS, while homogeneous CRS-IC study should focus on non-colliding-CRS.
Proposal 3: UE should be given flexibility to turn CRS-IM on or off based on various factors such as UE conditions and user preference.
Proposal 4: Do not assume PBCH IC for the baseline receiver.
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