3GPP TSG RAN WG1 Meeting #64















R1-111031
Taipei, Taiwan, 21st - 25th February 2011   













Agenda item:

6.3.1.3
Source:

Nokia, Nokia Siemens Networks
Title:
On advanced UE MMSE receiver modelling in system simulations
Document for:

Discussion and Decision

1
Introduction

UE receiver modelling for the COMP study item has been discussed during the RAN1#63bis meeting and the following email discussion on the reflector. The MMSE receiver option 1 in [1] has been agreed for the first phase of COMP evaluations, whereas a possible enhancement to the MMSE and advanced receiver modelling has been kept open for discussion for the Phase 2 evaluations. 
In this contribution, we present one possible, more realistic model of MMSE type of receivers for system level investigations that in contrast to the agreed baseline model also includes the directional interference present in cellular networks and show the effect on the signal quality in this contribution. The effect of the introduced MMSE modelling enhancements on the DL system level performance compared to the agreed baseline receiver (MMSE option 1 of [1]) is presented in the companion contribution [5].

2 Discussion on proposed MMSE receiver modelling 
Realistic receiver modelling is important in evaluating the system performance of the Rel. 10 LTE-A baseline as well as during the evaluation of possible gains that Rel. 11 enhancements, e.g. in the area of Coordinated Multipoint  (COMP) operation, are able to provide. When speaking about realistic receiver modelling here, it is of importance to have the receiver performance realistically modelled, i.e. neither simplifications towards an ideal receiver performance nor underestimating the capabilities of MMSE type of receivers to cope with (directional) interference.
For consistency we use the same notations as in [1], where the basic received DL signal received by the UD 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, the transmission amplitude P (square root of the transmission power) and 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 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 radio channels to the UE scaled with the applied TX amplitude and 
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 the noise variance, respectively. The ideal MMSE receiver solution to the problem at hand in (2) is denoted with “MMSE-IRC” in [1]. 

Alternatively, you may write the ideal MMSE 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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Modelling the ideal MMSE receiver (2) would result in overoptimistic receiver performance and therefore too optimistic Rel. 10 LTE-A baseline results which would result in a too pessimistic view of possible COMP operation gains. 
In this section, we shortly review the different possible abstraction levels handled in [1]. Different assumptions can be made on the interference knowledge as such including the channel impulse responses the UE is really able to estimate. 

1. Spatial Correlation Matrix estimate from MMSE Option 1[1]: 

The agreed baseline MMSE option 1 in [1] for the Phase 1 of the COMP SI evaluations assumes as an approximation of the spatial correlation matrix in the receiver 
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where 
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 stands for the estimated noise and total interference power of the i-th receive antenna. This receiver model takes the interference of the own (possible) SU-MIMO transmission into account, but is not aware of the directional structure of intra-cell interference created by e.g. MU-MIMO transmissions and inter-cell interference. As a consequence, this agreed assumed receiver implementation/modelling does not cope with MU-MIMO interference and directional inter-cell interference very well.
2. Spatial Correlation Matrix estimate from MMSE Option 2[1]:
The MMSE option 2 in [1] assumes the following approximation of the spatial correlation matrix in the receiver
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(5)
where 
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 denotes the estimated noise and interference power of other transmission points than the serving transmission points for the i-th receive antenna. This receiver is capable of handling the interference of transmission from the own cell/transmission point incl. MU-MIMO layers dedicated for other UEs, i.e. intra-cell interference, but is unaware of the directional structure of inter-cell interference. 
In case of SU-MIMO operation, the MMSE Option 1 and Option 2 will achieve the same performance. In case of multi-layer transmission from a transmission point dedicated to different UEs on a RE (i.e. MU-MIMO) there is a substantial performance difference between these two kinds of receiver modelling.

The MMSE Option 2 in [1] assumes the UE to able to estimate the equivalent channel of co-scheduled MU-MIMO UE from the DM-RS(s) allocated to the paired MU-MIMO UE. 
In the following section we present one alternative MMSE receiver modelling that only assumes the knowledge of the equivalent channels intended for the UE of interest (in contrast to MMSE Option 2 of [1]) but is aware of the directional nature of intra-cell and inter-cell interference.
3 Alternative MMSE modelling for system simulations 

One possibility in the UE MMSE receiver to approximate the spatial correlation matrix is to utilize the received signal samples [2]

[image: image15.wmf]å

=

=

M

m

H

m

m

samples

rec

SCIN

y

y

M

R

1

_

,

1

ˆ

, 










(6)

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 in contrast to the agreed MMSE Option 1. 
The approximation in (6) is implementable in an MMSE receiver as such and does not require any prior or special knowledge or any assumption on channel estimation capabilities! The next subsection considers how this example MMSE receiver approximation can be appropriately and simply modelled in a system simulator, as in system simulators the receive baseband samples are not available.
Related Appropriate Modelling in the System Simulator
As shown in [2, 3], the sample correlation matrix can be approximated using the complex Wishart distribution [3, 4] with M degrees of freedom
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(7)

and correspondingly, can be modelled in the system simulator as
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where 
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 is created by the Cholesky decomposition of the ideal spatial correlation matrix from (3). 

The lower-triangular matrix A is generated according to the complex Wishart distribution as 
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(9)

where the coefficients ci follow a Chi-square distribution, i.e. ci ~ χ2 (2*(M – i +1)), and nij ~ CN(0,1). In order to verify this modelling approach found in open literature, we show the applicability of the approximation in Eq. (8) with respect to correctly reflecting the interference handling capabilities at the UE MMSE in Figure 1 and Figure 2. 
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Figure 1: Comparison of post-MMSE SINR for different number of receiver samples for the spatial correlation matrix based MMSE compared to ideal MMSE and MMSE Option 1: 4x2 single rank transmission, one 4TX single-rank interferer with G=-6dB. The dashed red lines correspond to the sample covariance matrix extracted from actual samples generated from QPSK modulated symbols.
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Figure 2: Comparison of post-MMSE SINR for different number of receiver samples for the spatial correlation matrix based MMSE compared to ideal MMSE and MMSE Option 1: 4x4 single rank transmission, one 4TX single-rank interferer with G=-6dB. The dashed red lines correspond to the sample covariance matrix extracted from actual samples generated from QPSK modulated symbols.
In these figures we created a simple scenario to test the approximation given by the complex Wishart distribution – namely 4x2 and 4x4 antenna system with single-rank transmission to the UE (leaving most interference rejection capabilities) and choosing a single dominant 4TX single-rank precoded interferer with G=-6dB. As can be seen, the red  solid and dashed curves showing the real sample-matrix estimate and the corresponding complex Wishart distribution based approximation are nicely overlapping for more than M=8 samples. This gives proof that this modelling in a system simulator assuming a reasonable amount of samples M is appropriate.


As shown in these figures, the interference rejection capabilities are of course increasing with the number of samples M and are approaching for a large number of samples the performance of the ideal MMSE receiver. In the remainder of this contribution we utilize M=64 samples which are easily available even on a single PRB. 
For illustration purposes, we also plotted the MMSE Option 1 receiver assumptions in here, which is not aware of that very special case of direction interference (not a very probable scenario in real network operation). 

4
Effect of the enhanced MMSE receiver modelling 

In a similar way, we would like to show the effect of more advanced receiver modeling in case of three different scenarios:
· Cell-edge scenario: Single-user rank=1 transmission

· SU-MIMO scenario: Single-user higher-rank transmission
· MU-MIMO scenario: Single/Dual-rank transmission to the UE of interest, one/two orthogonal, co-scheduled layers to other UE(s) within the cell

4.1 Cell-edge Scenario
For the cell-edge scenario, we assume the user to be served on the PDSCH by a single rank, precoded transmission according to ideal UE feedback based on 4TX precoding codebook. Related to the interference modelling, we investigate the case of random-precoded (based on the 4TX codebook) 4TX inter-cell interference  from 1 and 4 cells. 

The related post-MMSE reception SINR for MMSE Option 1 (“Option 1”), MMSE based on sample correlation matrix (M=64,denoted with “SMI model” for the receiver using Sample Matrix Inversion introduced in this contribution) and the ideal MMSE receiver (“Id. MMSE”) are shown in Figure 3 and Figure 4:
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Figure 3: Comparison of post-MMSE SINR for different MMSE receiver modelling: 4x2 single rank transmission, one (a) and four (b) 4TX single-rank interferers with G=-6dB.
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Figure 4: Comparison of post-MMSE SINR for different MMSE receiver modelling: 4x4 single rank transmission, one (a) and (b) four 4TX single-rank interferers resulting in G=-6dB.
The sample correlation matrix shows a nice cell-edge gain in case of coloured interference compared to the simple modelling of the MMSE Option 1 in case the interference rank is lower than the number of available RX antennas. The ideal (unrealistic) MMSE receiver achieves the best performance as expected. 
4.2 SU-MIMO Scenario
For the 4x2 and 4x4 SU-MIMO setup, we assume precoded, rank=2 transmission according to ideal UE feedback based on 4TX precoding codebook. For interference modelling we use random-precoded 4TX inter-cell interference from four eNodeBs.
 The related post-MMSE reception SINR for MMSE Option 1, MMSE based on sample correlation matrix (M=64) and the ideal MMSE receiver are shown in Figure 5 and Figure 6:
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Figure 5: SU-MIMO comparison of post-MMSE SINR for different MMSE receiver modelling: 4x2 rank=2 transmission, four 4TX single-rank interferers with G=0dB and G=15dB.
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Figure 6: SU-MIMO comparison of post-MMSE SINR for different MMSE receiver modelling: 4x4 rank=2 transmission, four 4TX single-rank interferers with G=0dB and G=15dB.

In case of high/full-rank transmission, where the main source of interference is given by the other layers of the SU-MIMO transmission and the UE is therefore lacking degrees of freedom to suppress any kind of additional interference, the simple MMSE Option 1 modelling is performing slightly better than the sample correlation matrix. 
Therefore, one might use the simpler MMSE Option 1 in case of rank>1 SU-MIMO transmission (or close to full-rank in case of 4RX) and use for any other cases the sample correlation matrix method. A more optimized solution in selecting between these two modelling approaches in case of 1<rank<Num_Rx could be considered (e.g. depending on the G-factor as Fig. 6 indicates). 
4.3 MU-MIMO Scenario
The MU-MIMO performance in a 4x2 configuration and rank 1 transmission to two users for different MMSE receiver models is shown in Figure 7 and Figure 8 with varying number of single rank inter-cell interferers and varying inter-cell interference power. For the own signal the optimal precoder is selected from the Release 10 codebook of corresponding rank, while the precoder for the co-scheduled layer lies in the corresponding null space. 
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Figure 7: MU-MIMO comparison of post-MMSE SINR for different MMSE receiver modelling: 4x2 MU-MIMO transmission (1+1 layer), one 4TX single-rank interferer.
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Figure 8: MU-MIMO comparison of post-MMSE SINR for different MMSE receiver modelling: 4x2 MU-MIMO transmission (1+1 layer), four 4TX single-rank interferers.
Accordingly, the 4x4 MU-MIMO performance for 1+1 layer (one layer for UE of interest and one layer for the co-scheduler user) and 2+2 layers (2 layers each) are shown in Figure 9 and 10. 
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Figure 9: MU-MIMO comparison of post-MMSE SINR for different MMSE receiver modelling: 4x4 MU-MIMO transmission (1+1 layer), four 4TX single-rank interferers.
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Figure 10: MU-MIMO comparison of post-MMSE SINR for different MMSE receiver modelling: 4x4 MU-MIMO transmission (2 + 2 layers), four 4TX single-rank interferers.
In the presented exemplary MU-MIMO cases, the interference from the co-scheduled layers is clearly the dominant component, and hence the MMSE receiver model based on sample matrix inversion (SMI) results in superior performance compared to MMSE Option 1 [1] but naturally inferior compared to the ideal (unrealistic) MMSE receiver.

5
Summary and Conclusions
In this contribution, we present an example of a very simple modelling approach of a standard, well-known MMSE receiver applicable to system-level simulations, which relies only on the ability to estimate the channel of the own intended signal. 
In some example scenarios, representing cell-edge usage with rank=1 SU-MIMO transmission as well as MU-MIMO transmission we clearly show, that the simple, agreed MMSE modelling (MMSE Option 1 in [1]) for the COMP SI in Phase 1 has some clear shortcomings with respect to Rel. 11 MMSE receiver performance. However, MMSE Option 1 is performing adequately in case of rank>1 SU-MIMO transmission specifically in case of full-rank SU-MIMO transmission.
We therefore suggest utilization of a better modelling of the MMSE receiver capabilities in the COMP SI during Phase 2 in order to evaluate the baseline as well as the possible gains provided by COMP techniques more realistically. One example of such a modelling approach has been introduced in this contribution.
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Appendix: General simulation assumptions

Table 1: General simulation parameters
	Channel
	frequency flat i.i.d. Rayleigh fading

	Number of Tx antennas
	4

	Number of Rx antennas
	{2, 4}

	Number of interferers
	{1, 4} 

	Interferer’s rank
	1

	Interferers power
	distributed exponentially

	Noise
	AWGN, 20dB below own signal power

	EVM
	-23dBc
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