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1 Introduction
In RAN1 AH-NR meeting, the following agreements on downlink Transmission Scheme (TS) 2 were reached [1]. The agreements call for a down selection of the proposed schemes for rank 1 and rank >2 transmissions. 
· 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

The SFBC transmission is considered among rank 1 candidate transmission schemes for TS2. It has demonstrated its effectiveness as the selected transmit diversity scheme in LTE. However, the orthogonal structure of the SFBC transmission makes interference estimation that is needed for interference suppression by an MMSE-IRC receiver complicated. It this contribution, we discuss a potential solution to prevent a mismatch between the measured interference and the actual interference estimate required by an MMSE-IRC receiver.
2 Interference Covariance Mismatch in SFBC
An MMSE-IRC receiver requires an accurate estimate of the covariance matrix of the interference to be able to effectively suppress the interference signal. The form of the covariance matrix of the interference depends on the structure of the interfering signal as well as the desired signal. Hence, depending on the type of the desired and the interfering signals, different structures for the covariance matrix of the interference can be expected [2-3]. At the receiver, an estimate of the interference is often provided from measurements performed on reference signal (RS) ports, however such measurements could be very different from the actual interference experienced by the desired signal.
2.1 Modified Resource Element Mapping for SFBC 
In general, when employing an MMSE-IRC receiver, an estimate of the covariance matrix of the interference signal is required. However, the SFBC interference covariance matrix required for the operation of an MMSE-IRC receiver has a different structure than the interference covariance matrix of a rank-2 transmission. Therefore, to prevent a mismatch, the receiver should be aware of the type or structure of the interference, i.e., whether it is SFBC or not. However, since such information is not available to a UE, it is forced to make an assumption that may potentially lead to a mismatch and consequently a poor performance. Furthermore, even if such information becomes available to the UE, it still cannot develop the interference covariance matrix as it does not have the related RS port information for interference channel measurements.
In the case of a SFBC/SFBC interference scenario, the overall received signal may be presented as follows; 
[bookmark: _Ref473639380]			( 1 )
where  and represent the desired symbols, and  and  their corresponding channels. The terms noted by ˜ represent the components associated with the interfering signal. In comparison, in the case of having a rank-2 interference, the overall received signal can be represented as 
[bookmark: _Ref473639549]  	( 2 )
that clearly indicates a different structure for the interference signal due to independence of the transmitted symbols in a rank-2 transmission. 
[bookmark: _GoBack]Figure 1 shows the conventional, and a modified symbol mapping for the SFBC transmission. By re-arranging of the subcarrier mapping, as shown in Figure 1, the interference structure demonstrated by Equation (1) can be modified to exhibit a structure similar to a rank-2 transmission shown by Equation (2). Re-arranging the mapping disrupts the common orthogonality of desired and interfering signal. Figure 1 shows an example of such disruption by mapping pairs of symbols of the desired signal to interlaced subcarriers in the interfering signal. However, in general, mapping the pairs of symbols in the interfering signal to any different subcarriers than those mapped in the desired signal may be employed as well. 
Assuming the modified mapping of the SFBC symbols pairs as shown in Figure 1, the overall received signal can be expressed as, 
  	   ( 3 )
that has a very similar structure as Equation (2).


[bookmark: _Ref473640671]Figure 1 SFBC Mapping
2.2 Covariance Matrix Estimation for Interference scenarios
An estimate of the interference can be provided by performing measurements on RS ports. The performed measurement involves estimating interference covariance matrix that is observed at the RS ports that is  where  and .
As summarized below, depending on the interference scenario, a different interference covariance matrix is required for an MMSE-IRC receiver; 
· SFBC transmission with SFBC interference: 
· SFBC transmission with rank-2 interference: 
· Rank-2 transmission with SFBC Interference: 

Observation 1: For all scenarios, the interference covariance matrix required by an MMSE-IRC can be developed solely by the measured interference on RS ports.
Observation 2: Regardless of the interference type, the structure of interference covariance matrix for a SFBC transmission is always the same.
Observation 3: With the modified resource element mapping for an SFBC transmission, the interference mismatch problem is addressed, and no additional information is needed at the UE.
Proposal 1: RAN1 to study the performance of SFBC with modified mapping.

3 [bookmark: _Ref378529477]Conclusions 
[bookmark: _Ref129681832]In this contribution, we presented a solution to the interference mismatch problem observed with SFBC transmission. By using the modified resource mapping for SFBC, regardless of the interference type, a fixed structure for the interference covariance matrix is maintained. 
Observation 1: For all scenarios, the interference covariance matrix required by an MMSE-IRC can be developed solely by the measured interference on RS ports.
Observation 2: Regardless of the interference type, the structure of interference covariance matrix for a SFBC transmission is always the same.
Observation 3: With the modified resource element mapping for an SFBC transmission, the interference mismatch problem is addressed, and no additional information is needed at the UE.
Proposal 1: RAN1 to study the performance of SFBC with modified mapping.
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