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1 Introduction

In RAN1#87 and AH meetings, the following agreements were achieved. [1][2]
· Support at least the following DMRS based DL MIMO transmissions for data in NR,

· Scheme 1: Closed-loop transmission where data and DMRS are transmitted with the same precoding matrix

· Demodulation of data at the UE does not require knowledge of the precoding matrix used at the transmitter

· Note: spatial multiplexing and rank-1 are included

· Scheme 2: Open loop and Semi-open loop transmissions where data and DMRS may or may not be restricted to be transmitted with the same precoding matrix

· Demodulation of data at the UE may or may not require knowledge of the relation between DMRS ports and data layers

· Note: DMRS can be precoded or not precoded

· Study the transmission schemes, e.g., SFBC, Large delay CDD, Layer shifting, small delay  CDD

· Study the selection of transparent and/or non-transparent DMRS

· Transparent DMRS: DMRS and data precoded identically

· Non-transparent DMRS: DMRS  and data precoded differently
· For Transmission scheme 2, down selection(s) on DMRS based transmission schemes will be done in RAN1#88 at least for rank 1
· For rank 1,

· Precoder cycling with transparent DMRS

· Precoder cycling with non-transparent DMRS
· Small-delay CDD with transparent DMRS

· DMRS based SFBC

· For rank>1, 

· Precoder cycling with transparent DMRS

· Precoder cycling with non-transparent DMRS
· Layer shifting
· Precoder cycling with transparent DMRS and layer shifting
· Small-delay CDD with transparent DMRS

· Large-delay CDD with non-transparent DMRS
In this contribution, we investigate the co-channel interference estimation problem for open loop transmission scheme as discussed in [3].
2 Co-channel interference and its estimation
We first define two types of co-channel interference for subsequent discussion: 1) interference with correlation between spatial layers and 2) interference without correlation between spatial layers. For the former interference type, interference comes from at least two spatial layers with correlation in between. In contrast, the latter interference type denotes that interference only involves one spatial layer or there exists no correlation between at least two spatial layers. For example, for the other co-scheduled spatial layers, SFBC transmission causes interference with correlation between two spatial layers, while closed-loop rank-n spatial multiplexing transmission only leads to co-channel interference without correlation between n spatial layers. It is worth noting that co-channel interference could be inter-cell or intra-cell.
Estimation of co-channel interference is an implementation issue, depending on what equalizer is employed and what the intended transmission scheme is to be decoded. As has been widely used in LTE/LTE-A, MMSE-IRC equalizer would be adopted for analysis in sequel. It is worth noting that the intended transmission scheme with no correlation between spatial layers is insensitive to whether co-channel interference has correlation between interfering layers. On the other hand, the intended transmission scheme with correlation between spatial layers is sensitive to whether co-channel interference has correlation between interfering layers. This is because MMSE-IRC equalization requires estimating the interference plus noise covariance matrix adapting to the number of correlated spatial layers of the intended transmission scheme. For example, SFBC and closed-loop spatial multiplexing could cause co-channel interference with correlation between spatial layers and co-channel interference without correlation between spatial layers, respectively. In summary, Table 1 illustrates how different types of co-channel interference influence different intended transmission schemes from interference estimation point of view.
Table 1 Influence of co-channel interference on intended transmission scheme

	Whether there is influence on interference estimation for MMSE-IRC equalization or not?
	Co-channel interference with correlation between spatial layers
	Co-channel interference without correlation between spatial layers

	Intended transmission scheme with correlation between spatial layers
	Yes (i.e., essential to consider correlation between interfering layers)
	No (i.e., not essential to consider correlation between interfering layers)

	Intended transmission scheme without correlation between spatial layers
	No (i.e., not essential to consider correlation between interfering layers)
	No (i.e., not essential to consider correlation between interfering layers)


Observation: MMSE-IRC receiver for intended transmission scheme with correlation between spatial layers needs considering correlation between interfering layers.
3 Interference estimation for transmit diversity
In this section, transmit diversity is analyzed w.r.t. how to estimate co-channel interference properly. It is worth noting that transmit diversity can experience the co-channel interference without correlation between spatial layers (i.e., closed-loop spatial multiplexing transmission as interference), in which cases it is not essential to consider correlation between interfering layers as shown in Table 1. As a result, interference with correlation between spatial layers is focused for transmit diversity in the sequel.
The most widely used precoding scheme of transmit diversity is SFBC, which can experience the co-channel interference with correlation between spatial layers (i.e., SFBC transmission as interference).
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 denotes the received signal on subcarrier i and subcarrier i+1 by the reception of two intended symbols of 
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 represent effective channels for two DM-RS ports and 
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 represent the i.i.d. noise with normalized power. Tilde terms represent the co-channel interference of SFBC. 
To estimate interference plus noise covariance matrix for SFBC used in MMSE-IRC, paired symbols should be considered jointly, as shown below
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where expectation means averaging over subcarriers which have close channel gains. It can be found that UE receiving intended SFBC transmission can perform joint-port estimation of interference plus noise covariance matrix
 of interfering SFBC, thereby not destroying the correlation between spatial layers of interference. It is worth noting that interference plus noise covariance matrix is estimated for each independent port, which destroys correlation between spatial layers and therefore interference mismatch issue occurs in [4].
The joint-port equalization/interference estimation requires matrix inverse operation of size 
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 denoting the number of receive antennas. Compared to conventional independent-port equalization/interference estimation which requires matrix inverse operation of size 
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, the increased computational complexity is acceptable.
 Meanwhile, whether and which interfering DMRS ports to perform joint-port estimation of interference plus noise covariance matrix depend on detecting whether and which interfering DMRS ports coming from SFBC transmission. When decoding the intended SFBC transmission, UE can try all interference assumptions with each assuming the co-channel interference types (i.e., interfering SFBC transmission or not) for all the interfering DMRS ports. Such detection could be transparent to standardization and its complexity is acceptable from implementation point of view. In addition, some designs, e.g., implicit/explicit DMRS port configurations for SFBC transmission, could significantly reduce the number of interference assumptions. 
Furthermore, it can be found that SFBC with joint-port interference estimation outperforms SD-CDD significantly in link-level simulation in [3]. Note that DMRS based SFBC has been agreed in Rel-14 eFD-MIMO.
Proposal: There is no mismatch issue of interference estimation for SFBC with the proper interference estimation algorithm.
4 Conclusions
The contribution analyzes the co-channel interference estimation problem for open loop transmission, based on which the following observation and proposal are made.
Observation: MMSE-IRC receiver for intended transmission scheme with correlation between spatial layers needs considering correlation between interfering layers.
Proposal: There is no mismatch issue of interference estimation for SFBC with the proper interference estimation algorithm.
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� Joint-port estimation of interference plus noise covariance matrix denotes the joint estimation based on the effective channels of the two ports used by interfering SFBC.


� Matrix inversion of size � EMBED Equation.3  ��� to size � EMBED Equation.3  ��� requires an eightfold increase of complexity.
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