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1 
Introduction
In RAN #53 a new study item has been approved [1] on the introduction of advanced receiver in LTE as it was already defined for HSDA under the name of type 2i (single rx antenna) or type 3i (dual rx antennas).

The study item has received high interests among operators and vendors.

The objective of the study item as approved in RAN #53 are as follows:

· Identify realistic deployment scenarios, traffic models, interference models, and performance metrics to evaluate the performance of advanced receiver to mitigate inter-cell interference.
· Evaluation should be based on realistic modelling of inter-cell interference, including both synchronous and asynchronous operations among macro eNBs,  different precoders, ranks and powers applied over consecutive subframes, and effect of CRS and control channels to which different precoder is applied compared with data channels.
· Study and evaluate feasibility and potential gain by advanced receiver at link and system levels:
· Identify the scenarios and conditions where inter-cell interference mitigation is effective
· Identify the receiver structures that could be a baseline to specify performance requirement. 
· Receiver structures targeting spatial domain interference mitigation such as IRC are to be considered as a starting point.

· Receiver structures targeted to TDM-eICIC are only to be studied under the eICIC enhancements WI.
· Details of interference modelling for performance requirements and conformance testing shall be specified in the WI phase. Some complexity considerations should be taken into account during the SI phase to avoid over simplified model later on that doesn’t reflect the performance benefits found.
Moreover a very aggressive time plan was defined/approved as follows:

3GPPRAN4#60-BIS:

· Agree on evaluation scenarios, interference models, and performance metrics

3GPPRAN4#61
· Review initial simulation results and agree further simulation cases to conclude the SI
· Review initial complexity analysis
3GPPRAN4#62
· Review further results, finalize TR, decision on work item
In should be noted that only 3 meeting cycles are defined in order to complete the work. Hence we think it is important to limit the scope of the study and prioritarize the study in order to make sure that a proof of concept type of study can be finalized in time. More extensive and detailed analysis can be done during the work item phase.

In the following  we provide our view on prioritization of the work and on the assumption for the baseline receiver.
2 
Baseline receiver

In document [2,3]  a possible baseline receiver structure which can be used as baseline for the study was provided, i.e. MMSE-IRC.
The difference between MMSE-IRC and a classical MMSE receiver arises from the fact that under classical MMSE receiver the inter-cell interference is modeled as AWGN, while under MMSE-IRC the interference aware UE can better model some part of the inter-cell interference and exploit this knowledge in order to improve performance. In equations, by considering a received signal as
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Where Hi is the NrxxNtx channel of cell ‘i’, where i=0 is the serving cell and i>0 corresponds to an inter-cell interferer, and Pi is the diagonal power matrix for the cell ‘i’. 

The MMSE and the MMSE-IRC receivers can be both written as
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Where 
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In case of classical MMSE the covariance matrix Ryy is written as
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In case of MMSE-IRC receiver the covariance matrix Ryy is written as
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Where RI is the explicitly estimated interference covariance matrix.

The total covariance matrix including the sources of inter-cell interference should be estimated using the receiver signals. 

In contributions [2,3] two methods where considered in order to estimate the covariance matrix:

· DM-based estimation

· Data-based estimation

in order to obtain an accurate covariance matrix, this needs to be averaged using the received samples which are affected by the same precoding matrix and similar channel matrix with high correlation.

In these contributions the focus was mainly concentrated on DM-based estimation, since it was shown that higher performance benefits could be achieved. In particular it was shown that under the 5% CDF metric, the data-based covariance estimation provides higher performance than the DM-RSs based covariance estimation, while when average throughput is considered the DM-RSs based estimation instead provides better performance.

The reason was mentioned to be due to the accuracy of the co-variance matrix estimation.

However, more analysis should be done in order to assess the scenarios where one method provides advantages w.r.t the other. 
It is known however that the primary objective of an advanced interference is to improve the performance at the cell-edge where the throughput level is low and where the amount of interference is high. Under this condition an interference aware receiver can provide high benefits as shown as well in [2, 3]. 

Since the scope of the study item is to concentrate on cell-edge scenarios, we think that high throughput levels should not be considered further in the analysis, and the discussion should be focus on the performance achieved at low throughput regions, and average throughput should not be considered as a viable metric.

Under this conditions it was shown in [2,3] that data based and DM-RS based covariance matrix estimation with time and frequency average and with additional diagonal loading (regularization of the matrix) show very similar performance, slightly worst than the performance achieved by the data-based approach.

We think that the two methodologies can be considered a viable solution in order to compute the estimation of the covariance matrix. 

Hence we propose to give freedom to interested companies to implement different methods in order to estimate the covariance matrix. The outcome of the study item will provide insight into which method is better suited depending on the scenarios.
Proposal 1: Use MMSE-IRC as baseline receiver structure for the study item.
Proposal 2. Interested companies are free to analyze different methods to estimate the covariance matrix. 

2.1 2.1
 Averaging 

In [2,3] a certain time domain and frequency domain averaging was considered in order to ameliorate the covariance estimation quality. In ideal static conditions, increasing the average period improves the quality of the estimation. 
In [2-3] 1 RB averaging period has been considered (without considering the control signals which may not experience the same precoding information). One could argue that in rel-10 the PMI information can be reported per sub-band, and the eNodeB is quite likely to use the same precoding matrix across the RBs in a sub-band. In rel-10 it is specified that when the UE is configured to feed back PMI it can assume that the precoder is the same across all the RBs within a precoding resource block groups (PRG). The PRG size depends on the system bandwith. Hence, in this case one could argue that  the averaging period could be increased up to the PRG. Moreover, if PRG is used, it implicitly assumes that TM9 will be used, both in the serving cell and aggressor cell, which may not be the case. The interference average shall not pre-assume any particular scheme used in the interferference cell. Moreover, in the following we propose to use TM6 rather than TM9 as the baseline for the assessment of the benefits of the advanced receiver, implying that the interference can vary within 1 PRG. Hence, the worst possible averaging period is still 1 PRB.  
Moreover, the averaging length in frequency and time directions should be chosen small enough to capture changing interference statistics. Hence we propose the following:
Proposal 3. Allow for time and frequency averaging in order to estimate the covariance matrix. Consider the 1 RB to be a possible averaging  period.
3 
Prioritization

In order to complete the work in time and considering also the work load in RAN 4 we propose to prioritize the work during the study item. In particular we propose to concentrate on the following basic conditions during the study item phase: 
· Non colliding CRs (Cell ID planning) case as initial study. However it should be pointed out that colliding CRSs (no Cell ID planning) is an important aspect which should be supported and analyzed as well.

· Synchrounous network case 

· Macro-to macro environment as defined in the primary objective of the study item [1].

· Consider TM 6 (closed loop rank 1 precoding): the main focus of this study item is the improvement os cell edge performance. Hence, we think that it is reasonable to limit the study to a single rank only (this is likely to be the case for cell-edge user where SNR is limited and interferer is high). Random precoding could be one option for TM6. Alternatively TM 2 can be considered.

· Consider a 2x2 system.
Proposal 4. During the study item phase prioritarize the following case: Synchrounous network case, macro-to macro environment. Non colliding CRS can be prioritized in this early stage of the study, keeping in mind that colliding CRSs case should be studied as well.
Proposal 5. In order to focus the study on the enhancement of cell edge performance consider TM6 (or TM2) with 2x2 system.
4 
Conclusions

In this paper we have provided an initial guidelines on the generic assumptions in order to progress the work in the context of advanced receiver for LTE.  Documents [4-5] provides our view on link and system level simulation assumptions. The following proposals have been made in this paper:

Proposal 1: Use MMSE-IRC as baseline receiver structure for the study item.

Proposal 2. Interested companies are free to analyze different methods to estimate the covariance matrix. 

Proposal 3. Allow for time and frequency averaging in order to estimate the covariance matrix. Consider the 1 RB to be a possible averaging  period.
Proposal 4. During the study item phase prioritarize the following case: Synchrounous network case, macro-to macro environment. Non colliding CRS can be prioritized in this early stage of the study, keeping in mind that colliding CRSs case should be studied as well.
Proposal 5. In order to focus the study on the enhancement of cell edge performance consider TM6 (or TM2)with 2x2 system.
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