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1. Introduction
In RAN4 #81, we raised the question on the test coverage of Rel-12 SU-MIMO tests with inter-cell interference. In Rel-12 SU-MIMO WI, following tests were introduced to verify PDSCH demodulation performance of SU-MIMO receiver in the presence of inter-cell interference. 
· 8.2.1.3.1C
 Enhanced Performance Requirement Type C - 2 Tx Antenna Ports with TM1 interference
· 8.2.2.3.1C
 Enhanced Performance Requirement Type C - 2 Tx Antenna Ports with TM1 interference
In this contribution, we provide further discussion on the test coverage of PDSCH demodulation tests for UE that supports both type A (MMSE-IRC) and type C (SU-MIMO) advanced receiver. 
2. Discussion

2.1. Type A advanced receiver
RAN4 introduced type A advanced receiver in Rel-11 to specify PDSCH demodulation performance of MMSE-IRC receiver. Receiver algorithm and performance improvement of MMSE-IRC receiver are document in TR 36.829 [1].  According to TR, for received signal denoted as
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 represent the NTx x1 transmitted signal vector and the (NRx x NTx) channel matrix between the j-th cell and the UE, MMSE receiver and MMSE-IRC receiver is specified as below. 
· Linear receiver : 
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· MMSE receiver : 
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· MMSE-IRC receiver for CRS TM: 
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· MMSE-IRC receiver for DM-RS TM: 
[image: image8.wmf]å

-

Î

+

=

RS

DM

l

k

H

sp

H

l

k

l

k

N

l

k

l

k

P

,

1

1

1

)

,

(

~

)

,

(

~

1

)

,

(

ˆ

)

,

(

ˆ

r

r

H

H

R

 

Here, 
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 on either CRS or DM-RS tones. 
Note that UE is required to calculate weight matrix per-PRB since precoding at interfering cell eNB can vary with PRB granularity. 
Observation 1. Type A advanced receiver suppresses inter-cell interference by estimating noise/covariance matrix from CRS or DM-RS and applying whitening matrix derived from noise/covariance matrix.
2.2. Type C advanced receiver
RAN4 introduced type C advanced receiver in Rel-12 to specify rank 2 PDSCH demodulation performance of R-ML/CWIC receiver in medium correlation channel. For rank 2 PDSCH transmission, UE is required to derive LLR (log-likelihood ratio) of coded bits corresponding to 2 data layers that was transmitted from eNB, which is typically performed by demapper in UE receiver. For received signal model
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where 
[image: image11.wmf]n

is Gaussian noise vector with covariance matrix
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. 
Baseline demapper algorithm from Rel-8 was MMSE demapper which can be formulated as
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LLR for coded bits are obtained from slicing MMSE estimate 
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 of transmitted data symbols. 
On the other hand, enhanced demapper algorithm, i.e., ML (maximum likelihood) demapper, can be formulated as 
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Practical UE receiver implementation will be approximation of this formula, which is why we call it reduced ML (R-ML) demapper. 
Observation 2. Type C advanced receiver suppresses improves rank 2 demapper performance by using R-ML demapper to derive LLR from received signal. 
2.3. UE implementation with both type A and type C advanced receiver
In Rel-12 SU-MIMO WI, RAN4 introduced TM3 PDSCH demodulation test in medium correlation channel in the presence of TM1 interference to verify IRC functionality of SU-MIMO receiver based on input in [2]. According to [2], main motivation for introducing such test was
SU-MIMO advanced receiver can be applied obviously even in asynchronous NW, therefore SU-MIMO should be assumed in the asynchronous NW. From this perspective, we consider that at least following implementations should be applied appropriately for SU-MIMO advanced receivers to suppress or whiten the inter-cell interference.

•
CWIC based on Rel.11 MMSE-IRC as linear processing to suppress inter-cell interference

•
R-ML with whitening filter to treat inter-cell interference as additive white Gaussian noise (AWGN)

If we review related Rel-12 discussion on multi-cell test for SU-MIMO receiver, it’s like RAN4 decided to introduce the test based on performance gain of SU-MIMO receiver with IRC functionality over SU-MIMO receiver without IRC functionality or IRC receiver without SU-MIMO capability. 
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Figure 1. Typical receiver implementation with IRC functionality
Figure 1 illustrates typical UE receiver implementation with IRC functionality. IRC functionality consists of noise and interference estimation and whitening. Whitening applies to both received signal vector and channel matrix, which can be represented as 
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Demapper operates on whitened received vector and channel matrix as shown in figure 1. It should be noted that MMSE-IRC operation is independent of subsequent demapper operation. UE applies same IRC operation irrespective of PDSCH transmission mode, rank or modulation order. Since RAN4 specified separate PDSCH demodulation test to verify proper implementation of IRC operation, additional SU-MIMO demodulation test for IRC operation seems redundant and unnecessary. If someone argues that we cannot guarantee proper IRC receiver implementation for SU-MIMO receiver unless we have a separate test for that, RAN4 should also answer how we can guarantee proper IRC receiver implementation for TM2 receiver with MBSFN subframe, TM9 MU-MIMO receiver, TM9 receiver with MBSFN subframe or TM10 receiver? Our answer to this question is that RAN4 should assume that UE can support concurrent features if each feature is verified by corresponding test and there is not a strong reason to suspect that concurrent support of the feature requires different UE implementation. 
Observation 3. MMSE-IRC operation is independent of demapper operation.
Proposal 1. Remove SU-MIMO test with inter-cell interference defined in 8.2.1.3.1C 8.2.2.3.1C unless there is evidence that MMSE-IRC implementation is different between MMSE demapper and R-ML demapper.
3. Conclusions

In this contribution, we provided further discussion on test coverage of PDSCH demodulation tests for UE that supports both type A (MMSE-IRC) and type C (SU-MIMO) advanced receiver. Our observations and proposals are 

Observation 1. Type A advanced receiver suppresses inter-cell interference by estimating noise/covariance matrix from CRS or DM-RS and applying whitening matrix derived from noise/covariance matrix.

Observation 2. Type C advanced receiver suppresses improves rank 2 demapper performance by using R-ML demapper to derive LLR from received signal. 

Observation 3. MMSE-IRC operation is independent of demapper operation. 

Proposal 1. Remove SU-MIMO test with inter-cell interference defined in 8.2.1.3.1C 8.2.2.3.1C unless there is evidence that MMSE-IRC implementation is different between MMSE demapper and R-ML demapper.
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