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1
Introduction
A study item on “CRS interference mitigation for homogenous deployments” was approved at RAN #59 meeting [1].  The study item is motivated by the interference cancellation of CRS under feICIC study, focusing on the study of CRS interference cancellation/mitigation for macro-cell scenarios without ABS configuration.  Based on the SID, the objectives of the study items are [1]:
· 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.

In this contribution, we present our views on the general framework for this study item.  The contribution includes considerations on the study of system simulation, interferer profile modelling, baseline receiver, and working assumptions for link simulation.
2
System level simulation considerations

Based on the SID, the deployment scenario shall be a synchronized homogenous network with non-colliding CRS among serving cell and interferers.  For system simulation study, the 3GPP Case 1 shall be used “as a starting point”, and the relevant system parameters of macro network under the performance study of advanced receiver (MMSE-IRC) should be reused “as much as possible” for this SID.

The study of the CRS-IC shall follow a similar approach as the MMSE-IRC study in [2], which focused on the generic receiver over macro-cell network.  The first step is to use system simulation to derive the interference profile at the UE receiver side.  The interference profile is then used to drive link simulation study based on agreed baseline receiver model for potential link level performance gain.  System simulation is also applied to evaluate system level gain for the CRS-IC based receiver.

2.1
Traffic model

One key parameter for the CRS-IC study under homogenous network is the network load.  With full network load, which was the assumption for MMSE-IRC advanced receiver, the CRS-IC will not likely provide gain due to the dominant PDSCH interference.  With lightly load network where the CRS signal is the significant interference source in the network, CRS-IC could provide gain with CRS cancellation.  To capture the potential gain of CRS-IC under homogenous network, the system level simulation shall use bursty traffic model such as FTP traffic models.  The full buffer traffic model, which was used for MMSE-IRC system level study, cannot be applied here.
With FTP traffic model, the system simulation can use the number of users and the arrival rate to control the resource utilization (RU) for a certain cell throughput.  The RU shall be defined as the normalized number of RB per cell used by the traffic.  The cell throughput shall be normalized with the full-buffer cell throughput.  The potential gain of CRS-IC may be captured as the improvement of the normalized cell throughput at a given RU or traffic load.
At this stage, the typical values of network load are not apparent.  A set of network loads should be used for system level simulation study.  The system level simulation shall provide the results of potential gain of CRS-IC in terms of normalized cell throughput vs network traffic or RU load.  The results could be beneficial to determine the interference profile for link level study.
Given a network traffic load under the bursty traffic model, system level simulation shall provide the interference profile, which could be used for link level study of CRS-IC performance.  Thus, we suggest:
Proposal 1: 
Bursty traffic model shall be used in the system level simulation.  A set of traffic load parameters shall be used for system level simulations.
2.2
Interference profile

The CRS-IC study cannot use the results of the system level study of MMSE-IRC, which is a generic receiver targeting macro-cell network, because the full buffer model was applied.  However, the methodology of system level study should be followed for the CRS-IC study.

The system level study of CRS-IC shall derive the interference profile at the UE side with a given traffic load.  The interference profile shall include the DIP distribution and the RU distribution of dominant interferers.  The DIP (dominant interferer proportion) ratio distribution, which was used in the MMSE-IRC study, determines the strength of interferers.  The RU (resource utilization) distribution captures the presence of additional interference from PDSCH.  RU (resource utilization) is the ratio of the number of PRB used by the traffic to the number of all available PRB.  The DIP ratio distribution and RU distribution shall be used as the inputs for the link level study for CRS-IC receiver. 
Proposal 2: 
Given a specific traffic load, the system level simulation shall capture DIP distribution and RU distribution of dominant interferers. 
Based on the MMSE-IRC TR 36.829 [2], two types of DIP interference profiles are used.  The DIP profile is either based on the median values of the DIP distribution conditioned on geometry G=0dB and geometry G=-3dB or -2.5dB, or based on the weighted average throughput gain, which will be a set of DIP profiles.  Two interferers were captured for link level study for MMSE-IRC in [2].  With partial loaded network, the interference should not be worse than that of fully loaded network.  

Proposal 3: 
Discuss how many interferers are needed for the study of CRS-IC receiver. At least two interferers are expected to be needed for link level study of CRS-IC based receiver.
Unlike the MMSE-IRC study, interferers for the link-level study of CRS-IC are not uniform over full band, in particular due to the additional interference from PDSCH.  The interferers shall be modelled for certain PRB given the RU parameters.  The exact PRB locations of interferers can be random.

From UE point of view, the difference of CRS-IC receiver from MMSE-IRC receiver in a macro network is the awareness of potential interfering CRS information.  The CRS-IC/IM based receiver shall receive Rel-11 CRS assistant information.  The inter-cell CRS interference, which is treated as no difference from inter-cell PDSCH interference by the MMSE-IRC based receiver, shall be cancelled or mitigated by the CRS-IC based receiver.  The awareness of potential inter-cell CRS interference shall be addressed by the capability of the CRS-IC based receiver.  
3
Baseline receiver for CRS-IC study and gain evaluation
Based on the SID, the baseline receiver is the CRS-IC from Rel-11 feICIC.  The performance of the CRS-IC based receiver will be compared with that of MMSE-IRC to evaluate performance gains and merit, based on link-level and system-level study.

The CRS-IC receiver is based on the CRS-IC algorithm of Rel-11 feICIC, according to the SID.  A clear difference of the CRS-IC study from the feICIC scenario is the absence of the ABS frame in the macro-cell network.  The SID indicates that the non-colliding CRS case is prioritized, while “colliding CRS is not precluded”.  Non-colliding CRS should be studied first, especially when the number of explicitly modeled interferers is two. However, for certain network deployment scenarios, where the PCI is not well planned, colliding CRS should be considered.  Besides, there is potential gain for CRS-IC in the improvement of channel estimation under colliding CRS cases.

Proposal 4: 
While non-colliding CRS case is prioritized, the CRS-IC performance under colliding CRS shall be studied for demodulation.
Assuming non-colliding CRS, the potential gain of CRS-IC over Rel-11 MMSE-IRC shall depend on 
i) the cancellation of inter-cell CRS interference to the PDSCH; and

ii) channel estimation performance for CRS-IC and spatial covariance matrix for IRC-type spatial combining.

These potential gains shall be considered for system-level modeling to evaluate the system-level performance evaluation.

4
Detailed discussion on link simulation assumptions

In general, the CRS-based simulation assumptions in Table 7.2-1 of TR 36.829 (MMSE-IRC TR) can be applied for the CRS-IC study.  Certain link simulation assumptions are discussed below.
4.1
Transmission mode and interference modeling
Two transmission modes, TM4 and TM9, are used for the study of advanced receiver (MMSE-IRC).  TM9 is DM-RS and CSI-RS based transmission.  TM4 shall be considered for the CRS-IC study.

For macro deployment, TM4 usually has better performance than TM2 (transmit diversity) and TM3 (open loop).  TM4 is strongly motivated to be used to evaluate the performance improvement for the CRS-IC.  Similar to the study of MMSE-IRC, TM4 transmissions shall be applied for interfering cells with proper rank distribution, which shall be based on the system level investigation.
The modeled interferers shall use the interference profile from the system level study.  At a specific network load (or traffic load), the DIP profile determines the power of the interferers, and the RU profile determines the number of PRBs under additional PDSCH interference.  For the link level study, the interferers shall be persistent.
4.2
MIMO configuration

The 2x2 MIMO configuration shall be considered as the baseline.  The 4x2 case shall also be studied for TM4.
4.3
UE feedback and precoding granularity
Similar to the study of MMSE-IRC, 6PRB precoding granularity with feedback delay at 8ms and feedback periodicity at 5ms shall be used.  
In general, we suggest:

Proposal 5:
The link simulation assumptions shall be similar to that of MMSE-IRC study in TR 36.829, with CRS based transmission mode TM4.
5
Conclusions

This contribution provides general discussion on the interference scenarios and simulation assumptions for the study of homogeneous network CRS-IC.  These are our proposals based on the discussion:
Proposal 1: 
Bursty traffic model shall be used in the system level simulation.  A set of traffic load parameters shall be used for system level simulations.
Proposal 2: 
Given a specific traffic load, the system level simulation shall capture DIP distribution and RU distribution of dominant interferers. 

Proposal 3: 
Discuss how many interferers are needed for the study of CRS-IC receiver. At least two interferers are expected to be needed for link level study of CRS-IC based receiver.
Proposal 4: 
While non-colliding CRS case is prioritized, the CRS-IC performance under colliding CRS shall be studied for demodulation.
Proposal 5:
The link simulation assumptions shall be similar to that of MMSE-IRC study in TR 36.829, with CRS based transmission mode TM4.
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