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Introduction
CSI enhancements for DL MIMO were evaluated in the closing stage of LTE Rel.10, where no enhancement was adopted due to lack of conclusion on the realistic performance gain. The same set of schemes was evaluated again in the Rel.11 MIMO study item, including small-cell deployment scenario C1 and C2. A large variation was observed in the performance results. RAN1 was subsequently tasked to [1] 
· Identify reasons for diverse performance evaluation results of the study item. The ratio of outdoor-to-indoor users in Scenario A will be revisited. 
In this contribution the possible reasons for diverse performance are analyzed. 
Discussion
The evaluation assumptions for DL MIMO were agreed in [2] as the outcome of extensive discussion.  Only a few companies strictly followed the RAN1 agreement in their performance study. On the contrary, unrealistic assumptions deviating from the RAN1 agreement were used in some results. This is the primary reason for inconsistent performance. 
It is observed that simulations following the RAN1 agreement overall were consistent and showed a limited amount of performance gain [4]. Unrealistic simulations deviating from RAN1 agreement have an inclination of producing diverging, sometimes very large, performance results. Some presented gains using unrealistic assumptions were even higher than the performance upper bound with un-quantized SVD-type of feedback of infinite granularity [3]. Specifically, unrealistic assumption were found in terms of
· indoor/outdoor user distribution ratio,
· CSI-RS estimation error,
· DMRS estimation error,
· CSI mode, subband size,
· CSI quantization and feedback un-idealities, delays, distortion,
· scheduling schemes,
· inter-cell interference modeling.
Considering this is the third time RAN1 repeating the same evaluation, companies are encouraged to respect the RAN1 discussion and follow the agreement. It is highly desirable to ensure a fair performance evaluation and avoid conducting the same campaign repeatedly with any conclusion. 
Observation:
· Unrealistic simulation deviating from RAN1 agreement is the primary reason for large performance variation. 
Proposal:
· Follow the RAN1 agreement. 
· Averaging results between realistic and unrealistic assumptions should be avoided. 

CSI measurement un-idealities 
The underlying assumption of CSI enhancement is based on the belief that the wireless channel remains stable and can be accurately traced for link adaptation. If the channel experienced by PDSCH is equivalent to the channel measured by CSI-RS, higher CSI granularity will better reflect the PDSCH channel and can be transformed to positive performance improvement. For instance, such an assumption is valid for an ideal single-link channel between a single eNB and a single UE, assuming CSI is measured, reported, and used for link adaptation without any delay/distortion. However this pre-requisite may be quite challenging in real-life deployment involving multiple eNBs incurring highly bursty and unpredictable inter-cell inference, where the channel/interference measured is often not equivalent to the channel/interference experienced by PDSCH several subframes later. Such an inherent channel mismatch implies that increasing CSI quantization granularity, beyond a certain point, may not transform into positive performance gain, particularly as CSI mismatch becomes a fundamental performance limiting factor no matter how CSI quantization is further refined. Therefore it is important to realistically model the channel mismatch in MIMO evaluation to understand the true performance impact of CSI quantization granularity.
Observations:
· Channel mismatch between CSI measurement and PDSCH transmission is an inherent issue for CSI feedback.
· It is important to realistically model such channel mismatch to understand the real-life impact of CSI granularity. 

In the sequel a number of aspects impacting the channel mismatch are analyzed. 


Channel measurement
It was agreed to model CSI-RS and DMRS estimation error in the DL MIMO study. This is important for understanding the impact on CSI quantization statistics. 

Interference measurement
Inter-cell interference is of a highly bursty nature even in the case of low-mobility scenarios. In real-life deployment, interference is highly variant from one subframe to another and is basically unpredictable. By the time that a CQI/PMI (measured on subframe T) reaches the scheduler (subframe T+k), interference of the scheduled channel is completely different due to its bursty nature. The burstiness therefore results in mismatch of the CSI feedback and hence limits the PDSCH scheduling and link adaptation performance. This should also be realistically modelled in the performance evaluation. It should be clarified in the performance evaluation if interference is measured on CRS or on the newly agreed IMR resource.
· CRS: Due to the limited spatial reuse of CRS, the measured interference may not reflect the actual inter-cell interference arising from neighbouring cell PDSCH, but erroneously reflects interference from neighbouring cell CRS. This leads to inaccurate measurement of interference power and spatial domain correlation property. 
· IMR: The interference measured on IMR may better reflect the neighbouring cell PDSCH interference with careful IMR planning. However, due to the limited use-factor, it is still possible that erroneous interference arising from other signals in the neighbouring cells is erroneously measured. This should be realistically modelled. 

Scheduling modelling
Inter-cell interference is directly dependent on the scheduling decision in neighbouring cells (e.g. transmission rank, beam direction, SU vs. MU etc) on each cell and therefore should be modelled realistically on each cell in the system-level simulation. It is recommended to realistically model the PHY layer scheduling activities and interference variation between subframe to subframe, in all cells. 
Conclusions
In this contribution we discussed the reasons for diverging evaluation results in the DL MIMO SI phase. 

Observation:
· Unrealistic simulation deviating from RAN1 agreement is the primary reason for large performance variance. 
· Channel mismatch between CSI measurement and PDSCH transmission is an inherent issue in CSI feedback.
· It is important to realistically model the channel mismatch to understand the real-life impact of CSI granularity. 


Proposal:
· Evaluation should follow RAN1 agreed assumption. 
· Averaging results between realistic and unrealistic assumptions should be avoided. 
· Evaluation should realistically model at least the following aspects
· Realistic CSI-RS/DMRS estimation error,
· Realistic CSI quantization, CSI delay, scheduling delay,
· Realistic scheduling and inter-cell interference burstiness,
· Realistic indoor/outdoor user distribution.
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