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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 this contribution we provide our view on the baseline receiver assumption and on some link level parameters which we think should be the baseline for the simulation study. Document [2] provides our view on system level simulation assumptions.

2 
Baseline receiver

In document [3, 4]  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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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 [3,4] 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 [3, 4].  Since the scope of the study item is to concentrate on cell-edge scenarios, we think that in system level type of simulations  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 [3,4] 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 as viable solutions 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 [3,4] 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 [3-4] 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.  However, if TM9 is considered for the assessement of the performance, it is implicitly assumed that TM9 will be used both in the serving cell and aggressor cell, which may not be a realistic case in cell-edge. 
In the following we propose to use TM6 rather than TM9 as the baseline for the study, implying that the interference could 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. 
The averaging length could also be unspecified during the study phase allowing companies to explore the best approach to achieve good performance. 

Hence we propose the following:
Proposal 3. Allow freedom for time and frequency averaging in order to estimate the covariance matrix. If this is not acceptable consider the 1 RB to be a possible averaging  period.
3 
Discussion on scenarios, interference model and metrics 

According to the study item description performance should be evaluated by considering both link level and system level performance. In this document we discuss the definition for link level simulations to investigate the benefits of the advanced receiver into a macro-to-macro environment.
3.1 Link Level Performance

Cell ID planning (non colliding CRS) could be considered in the initial phase of the study item. However, it should be pointed out that colliding CRSs (no Cell ID planning) is an important aspect which should be supported and analyzed during the study as well.

Synchronous network should be the baseline assumption in this early stage. We acknowledge that asynchronous network are considered within the general scope of the study. However, we think that asynchronous network can be the object of further analysis in the future, maybe during the work item. It has been shown in [4,5] that the MMSE-IRC provides some gains also under asynchronous network. However, under asynchronous network, the gains may be affected due to the increase in the equivalent number of interferers. In fact in asynchronous networks, several sources of precoded interference may be present during the estimation period of the covariance matrix, i.e. from the UE perspective this is equivalent to an increase in the total number of interferers.
In general it can be shown that in a macro-to-macro deployment, with cell planning, a reasonable level of imbalance between the interferer(s) and the wanted carrier can be safely considered to be  0dB. Here we propose to extend this range and to study the performance with an imbalance ranging from 0 to 3dB in order to see the benefits/behaviour of MMSE-IRC for higher imbalance level.
3.1.1 Number of interferers

In the past several system level performance have been provided in order to show the reasonable amount of  strong interferers in the context of HSDPA in a macro-to-macro environment. It was shown that up to 3 dominant interferers were present. Finally it was agreed to consider 1 serving cell and 2 interferers with certain SNR characteristics w.r.t the wanted cell. We should also keep in mind that under HSDPA the testing complexity is becoming the limiting factor for such kind of tests especially when multiple carriers are present. Hence, we think that the number of explicitly modelled interferers should be kept low in order to avoid the same complexity problems.
Moreover it should be noted that under the assumption of cell ID planning, a maximum of 2 interferers can be considered in order to avoid CRS collisions.
For the sake of the study item and in order to provide a proof of concept, i.e MMSE-IRC provide benefits at the cell-edge, it is preferable to limit the amount of interferer to 1 during this early phase, this could also limit the implementation effort.
During the work item phase more interferers can be modelled (maximum of 2 for the non colliding CRS case). 
Hence we propose to consider 1 explicitly modelled interferer during the study item phase.
3.1.2 Channel model, correlation

The channel can be considered to be slowly varying, 3km/h as a starting point.  
EVA channel model can be considered.
The number of transmit and receive antenna can be limited to 2. More antennas are not necessary in this study item phase in order to analyze the benefits on the advanced receiver when MMSE-IRC is considered.
Cross polarized antenna seems the best assumption at the base station and hence low correlation should be considered as astarting point.
3.1.3 Transmission Mode, modulation
We propose to consider a Rel-8/Rel-9 UE receiver as baseline.  As mentioned in [2] the rank-1 transmission should be the focus of the study if the target is, as mentioned in the study item description, to enhance the cell-edge use performance. The introduction of TM9 does not provide additional insight into the performance benefits of the advanced receiver (a part for  limiting the average zone for the covariance estimation and provide more possilities in terms of precoding and rank). We would like to stress the fact that the scope of this study item is to analyze the benefits of an advanced receiver which is able to handle inter-cell interference and not inter-stream interference. Hence, we peopose to base the performance on TM6 (closed loop rank-1 transmission) for the analysis. 
FRC type of simulations with precoding matrix chosen randomly over the sub-band (6RBs for 10MHz for example) should be the baseline assumption. This avoids non ideality of the feedback loop. The reporting mode should be set as PUSCH 1-2 for the sake of alignment with the granularity of the precoding matrix provided above. However, with the assumption above the feedback loop (PMI, CQI, RI) won’t be used for optimizing the downlink transmisssion.

TM6 with random precoding can be applied as well for the neighbouring cell interferer. The data of the interferer can be modelled as OCNG, with a random precoder applied on a sub-band basis. No power control should be considered for the different users in the neighbour cells. Full traffic should be considered for the neighbour cell.
QPSK could be considered as a reasonable assumption for the modulation scheme considering that we are focused on cell-edge type of transmission.  

3.1.4 Metrics

The results can be provided in terms of throughput vs SNR for the given interference level configurations.

The focus should be given at 70-90% of the maximum throughput (BLER 10-30%). System level simulations should be taken into account in order to understand the correct testing point in view of the definition of the requirements during the work item phase. 
4 
Conclusions

In this contribution we have provided our initial view on the foundamental link level assumptions in order to start the work on advanced receiver enhancements. The proposals for the initial study are summarized in the following table
	Description
	Proposal

	Baseline receiver
	MMSE-IRC

	Co-variance matrix estimation
	Implementation dependent

	Averaging period
	Implementation dependent

	System bandwidth
	10MHz

	Cell ID planning
	Yes in the early stage. Colling CRSs should be however kept in mind for future analysis.

	Network Synchronization
	Consider Synchronous network during he study

	Imbalance between the interferer(s) and the wanted carrier
	0-3dB

	Number of explicitly modelled interferers
	1

	Channel model
	EVA, 3km/h, low correlation 

	Number of tx and rx antenna NtxxNrx
	2x2

	Transmission mode 
	TM6

	Precoder
	Random precoding for wanted cell and interferers

	Precoder granularity
	Sub-band, 6RBs (10MHz)

	Feedback type
	PUSCH 1-2

	Modulation
	QPSK for the wanted cell and the interferers

	Metric
	Throughput vs SNR @70% of maximum throughput


5 
References

[1] 3GPP, RP-111378, “Enhanced performance requirement for LTE UE” 
[2] R4-115118, “Link level assumptions for evaluating the performance of the advanced receiver”, ST-Ericsson/Ericsson
[3] 3GPP, R4-113528, NTT DOCOMO, INC., “Performance of Interference Rejection Combining Receiver for LTE,” June 2011.
[4] 3GPP, R4-114281, “Performance of Interference Rejection Combining Receiver in Asynchronous Network for LTE”, NTTDCOMOCMO Inc.




























































































































































































































































PAGE  
6

_1378732850.unknown

_1378732888.unknown

_1378732902.unknown

_1378732991.unknown

_1378732878.unknown

_1378732842.unknown

