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1	Introduction
A new work item “CRS Interference Mitigation for LTE Homogenous Deployments” was approved in RAN#66. During study item phase, it’s already identified CRS interference mitigation can bring significant performance gain under homogeneous network with low traffic loading. The objectives of this works item are:
· Specify the UE performance requirements for demodulation tests and CSI to verify that gains with the combined MMSE-IRC and CRS-IM are achieved by practical implementations. 
· Specify the baseline receiver and conformance test conditions to mitigate Cell-specific Reference signals in a synchronized homogeneous network following the conclusion of study item phase.
In this contribution, we provide some initial considerations and the overview on CRS-IM performance requirements.
2 Analysis 
Overview
As mentioned in [1], the objective of this work item is to specify UE performance requirements for this type of receiver i.e. combination of MMSE-IRC and CRS-IM receivers in homogenous network to mitigate CRS interference. 
From UE implementation point of view, CRS-IC and MMSE-IRC receiver performance have already been studied and identified in Rel-11 FeICIC and LTE interference rejection work items. However, there are still some differences under homogeneous network deployment compared to current specified performance requirements in Rel-11:
· Unlike heterogeneous deployments in FeICIC which has CRS region extension, the interference model/profiles are different based on homogeneous network deployments. 
· In Rel-11 FeICIC WI, CRS-IC is only mandated for ABS sub-frames in which data REs of dominant interference cells are muted. And semi-static configured ABS information is indicated to UE. For homogenous network, due to dynamic traffic model, such dynamic time/frequency blanking information is transparent to UE. In order to enable CRS interference cancellation and ensure good receiver performance, UE need to mandate CRS-IC all the time. 
Based on above analysis, test purpose of CRS-IM performance requirements can be summarized as below:
Proposal 1: Introduce PDSCH demodulation test case(s) to verify UE behaviour for CRS-IM under Homogenous deployment i.e. discriminate different receiver types CRS-IM+MMSE-IRC over MMSE-IRC.
In next sections, we provided our considerations on how to verify the above feature in RAN4 test cases based on the principles listed below: 
· Reuse Rel-11 methodologies of FeICIC performance requirements as much as possible, such as test method, test metric 
· Test coverage to ensure UE meet performance requirements under typical deployment scenarios and corner cases
· Reusing conclusions and observations from SI as much as possible i.e. the interference model/profiles
TM mode
As described in WI scope, Both CRS- and DM-RS based transmission modes (including TM9 and TM10) should be covered on both serving and interfering cells for the CRS-IM based receiver. For link-level simulation during study item phase, TM2 and TM4 were used as transmission modes for serving cell and corresponding TM3 and TM4 were used for interference cells. Considering TM4 is a typical close loop MIMO transmission mode and TM2 is a fall-back mode. TM2 and TM4 can be selected as CRS modes for CRS-IM test cases. 
For DM-RS based on transmission mode, TM10 mode is preferred as TM10 is an enhanced mode of TM9 which supporting QCL behaviour B and CoMP transmission. CRS-IC test under TM10 has already introduced plenty of discussions in Rel-11 CoMP WI. During Rel-11, there is no consensus to introduce serving cell only CRS-IC in TM10. The major concern is lack of CRS assistance information and questionable performance gain with SC-CRS-IC only. However, majority companies prefer further study more generic CRS-IC for CoMP under Rel-13. Since above concern has already resolved in SI phase, test cases for generic CRS-IC with CoMP transmission can be studied to further enhance CoMP performance in this WI. 
Proposal2: Introduce TM2, TM4 and TM10 test cases. 
Proposal3: For TM10 test case, considering jointly test QCL behaviour B and CRS-IM with DPS transmission between TPs.
Synchronization between serving cells and interference cells
The object of this WI is synchronization network and for CRS based on mode, same time/frequency offset values between serving cell and interference cells as FeICIC can be used i.e. 3/-1us and 300Hz/-100Hz for the strongest two interference cells.
For TM10, same value as Rel-11 CoMP test cases can be reused i.e. 2/-0.5us and 200/-100Hz for the other 2 TPs besides serving cell.
Interference model and profiles
In FeICIC test cases, data REs of interference cells were muted for scheduled PDSCH sub-frames of serving cell. For MMSE-IRC receiver test cases, full allocation in time and frequency domain was modelled for interference cells. During study phase, it’s concluded more significant performance of gain observed under low traffic loading and dynamic interference on/off proportional to the average resource utilization in the interfering cells was modelled for link-level simulation. However, considering FRC was used in nominal PDSCH demodulation performance test cases, the test feasibility of such dynamic of interference model need to be further verified.
Unlike heterogeneous deployments with CRS region extension, power imbalance between dominant interference cells and serving cell is small and moderate in homogenous network. In order to discriminate different UE receiver types i.e. CRS-IM+MMSE-IRC over MMSE-IRC, feasible interference model and profiles need to be further studied based on the output in study phase.
Proposal4: When defining interference model and profiles, both realistic network deployment scenarios, test feasibility and performance gap between different receivers types i.e. CRS-IM+MMSE-IRC over MMSE-IRC need to be comprehensive considered.
CRS configuration
As mentioned in [1], RAN4 is to prioritize and initiate the work for non-colliding CRS and most typical configuration for homogeneous deployment is non-colliding CRS. On the other side,the effect and UE implementation of CRS-IM is different for CRS colliding and non-colliding cases. For colliding case, CRS channel estimation and synchronization tracking based on CRS will be affected by CRS interference. For non-colliding case, only data REs will be affected by CRS interference. From UE implementation point of view, when CRS colliding, additional iteration CRS-IC may be needed to achieve accurate channel estimation especially when power levels between serving cell and interference cells are equivalent. For DMRS based transmission mode especially TM10, demodulation performance is robust for colliding CRS interference.
Based on such analysis, we propose:
Proposal5: For CRS transmission mode, both NN and NC cases need to be considered, for DMRS based on transmission mode, only considering NN case.
3 Conclusion
In this contribution, we provide some initial considerations and the overview on CRS-IM performance requirements.
Proposal 1: Introduce PDSCH demodulation test case(s) to verify UE behaviour for CRS-IM under Homogenous deployment i.e. discriminate different receiver types CRS-IM+MMSE-IRC over MMSE-IRC.
Proposal2: Introduce TM2, TM4 and TM10 test cases. 
Proposal3: For TM10 test case, considering jointly test QCL behaviour B and CRS-IM with DPS transmission between TPs.
Proposal4: When defining interference model and profiles, both realistic network deployment scenarios, test feasibility and performance gap between different receivers types i.e. CRS-IM+MMSE-IRC over MMSE-IRC need to be comprehensive considered.
Proposal5: For CRS transmission mode, both NN and NC cases need to be considered, for DMRS based on transmission mode, only considering NN case.
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