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1. Introduction
Advanced receivers had been extensively discussed in 3GPP with respect to HSDPA, where the enhanced Type  3i requirements have been incorporated to 25.101 in order to improve the HSPA system performance. The developed requirements were based on interference aware chip level (LMMSE) equalisers with receiver diversity. These requirements were preceded by study item work, covering different aspects related to robust requirements development that ensure practically realisable system performance benefits can be achieved [1]. 
So far, advanced receivers have been assumed when evaluating the LTE-Advanced system performance, but no specific receiver requirements on advanced receivers have been specified for LTE. Advanced interference aware UE receivers can improve the overall system performance and specifically also the cell-edge performance with respect to inter-cell interference. Therefore, there is an imminent need for this kind of enhancement also for the LTE system which resulted in the approval of the SID on “Enhanced performance requirement for LTE UE” [2].
In order to specify enhanced performance requirements for the LTE UE it is of advantage to define a reference receiver structure. A reference receiver will help the progress of this SI, as a defined reference receiver structure will enable easier calibration of the companies’ performance results and thereby lead to an easier convergence towards specified performance requirements for the LTE Rel. 11 UE.
In this contribution, we review the related pre-discussions that had taken place earlier in RAN1 during the spring of 2011 and provide our view on the reference receiver structure to be considered in this SI [2], namely a LMMSE receiver. 

2. LMMSE receiver for improved LTE PDSCH decoding
LMMSE receivers have been the baseline assumptions in the performance evaluations of LTE since the Rel. 8 times and have been the baseline of enhanced UE performance requirements also for the HSPA system [1]. Linear receiver types, as the LMMSE, are relatively easy to implement and provide nice performance gains compared to non-interference aware receivers. Let’s first look at the generic formulation of the LMMSE receiver. 

Let us assume the basic received DL signal received by the UE is given by
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(1) 
Here Hs and Hk denote the mobile radio channel from the serving eNodeB/transmission point to the UE and the channel from the k-th interfering eNodeB/transmission point. Moreover, P denotes the combination of the spatial precoding and the transmission amplitude (square root of the transmission power). The transmitted modulation signals x are intended for the UE of interest indicated by index s, possible co-scheduled users from the serving eNodeB/transmission point in MU-MIMO indicated by index c and of course k for users served by the k-th interfering eNodeB. The received signal is of course affected by the white Gaussian noise n.

The receiver minimizing the mean square error (MMSE) of the received signal according to this signal model is therefore given by
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(2) 

where
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denote the equivalent radio channels to the UE scaled with the applied TX amplitude and 
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 the noise variance, respectively. 
Alternatively, you may write the LMMSE in (2) as 
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(3)
with  
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 denoting the spatial correlation matrix of the total receive signal. The baseline question is, how well we assume to be able to estimate this spatial correlation matrix 
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in our receivers or how the receiver approximates this matrix by an estimate
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2.1 Spatial Correlation Estimation for the LMMSE Receiver
Let’s have now a look on the options to create an estimate of the spatial correlation matrix of the total received signal 
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Estimation based on channel estimates:

Based on (2) and (3), the spatial correlation matrix can be created by using effective channel estimates of the different interfering sources as well as a noise power estimate as has been used also as a bases for the HSPA related investigations in [1], namely
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(4)
The problem related to this operation is first the needed identification of the interfering sources as well as if the UE is able to estimate the channels of all the intra-cell and inter-cell interfering sources as such. Moreover, channel estimates based on CRS might not be sufficient as the used transmission mode of the interfering source as such is unknown to the UE and the effective channel combining the propagation channel with the used transmission mode need to be considered in (4). 
Consequently, channel estimation based approximation of 
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 seem to be not appropriate considering generic UE receiver enhancements.

Estimation based on received signal correlation matrix:

Alternatively, the UE LMMSE receiver can approximate the spatial correlation matrix by using the received signal samples [3]
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(5)
where the estimate is created as the average of the sample covariance matrix of M individual receive samples. The receive modulation samples can be chosen randomly from PDSCH receive modulation symbols in time and frequency. Assuming 11 PDSCH symbols in time, there are around 120 receive samples available for each PRB. 
This estimate of the spatial correlation matrix contains the directional components of the intended signal, possible intra-cell MU-MIMO interference as well as inter-cell interference. In here the directional other-user intra-cell (i.e. MU-MIMO) and inter-cell interference are appropriately included in the MMSE reception process without the need to specifically identify the interfering sources and knowing their used transmission mode and transmission parameters.
Note that the approximation in (5) is implementable in an MMSE receiver as such and does not require any prior or special knowledge or any assumption on channel estimation capabilities. However, simulation results contributed to RAN1 [4,5,6] show the performance of this method to be not fully up to the task to generically sufficiently supress inter-cell & intra-cell interference in the UE reception process.
Estimation based on RS positions:
An alternative, similar approximation of the spatial correlation matrix has been proposed in [7], where in contrast to the approximation based on all received signal samples only the received signals at the known reference signal positions is utilized, as
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(6)
where the spatial correlation of interference & noise is approximated by the received signal at the M reference signal positions after RS cancelation,
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(7)
Compared to the spatial covariance matrix of the total received signal above, the own channel estimate is directly included in the approximation reducing the effect of possible channel estimation errors on the receiver performance. The simulation results provided in [4] show a nice performance improvement of this estimation technique. As a consequence, we propose the reference signal based estimation of the spatial correlation matrix  
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 to be further investigated as one possible reference receiver to be studied during this SI.
2.2 LMMSE receiver modelling on system level
One important thing to be considered is the modelling of LMMSE receiver of (3) using RS based spatial correlation matrix (6), (7) on system level.

The modelling of channel estimation errors in 
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is very much known and has been applied to related system performance evaluations in 3GPP widely already. This leaves the question open on how to model the effect of a limited number of samples given by the number of RS resource elements, and how to take into account the imperfect reference signal interference cancelation in (7). 

In [8], it has been proposed to utilize the complex Wishart distribution [9,10] with M degrees of freedom to approximate the error introduced by a limited number of available samples, as
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where 
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 is the ideally known spatial correlation matrix of the total interference, considering of intra-cell, inter-cell interference as well as noise. For a more detailed explanation and analysis of this Whishart modelling approach, please see [8].

The effect of imperfect reference signal cancelation could be introduced by an additional error term E, which would need to be further investigated and discussed in RAN4. One possible way of including an error term for imperfect RS cancelation could be

[image: image21.wmf])

,

(

~

ˆ

,

M

E

R

W

R

CIN

p

RS

CIN

+

.
3. Conclusion

We propose to investigate an LMMSE type of receiver for PDSCH decoding in order to enhance the performance requirements for the LTE UE in order to improve the spectral efficiency of the LTE system overall and data rates in the low SINR regime.
More concretely, we propose the following LMMSE reference receiver modelling to the considered during the SI
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 as a possible modelling approach for system level simulations. The error term E related to imperfect reference signal cancelation is FFS.
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