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Introduction
In RAN1#86bis, a WF on DL MIMO transmission [1] was discussed.  The agreements are as follows [2].
· Support downlink transmission scheme(s) achieving diversity gain at least for some control information transmission
· Exact scheme is for further study.
· Specification support for such transmission schemes, i.e., the scheme(s) may or may not be implemented in spec-transparent manner
· Note: The data/control channel transmission is at least based on DM-RS for demodulation.
Several transmission schemes achieving diversity gain can be considered, including SFBC, precoder co-phasing cycling, and CDD.  In this contribution, we discuss some potential impact on UE receiver when these schemes are applied to DMRS based data channel transmission.
Discussion
In wireless communication systems, a UE may not only receive its desired signal, but also overhear the interference caused by intra and/or inter-cell UEs. Those interference has been an essential issue that impacts the throughput. In LTE, MMSE-IRC receiver is widely adopted to support various MIMO transmissions, such as spatial multiplexing and transmit diversity. The MMSE-IRC receiver structure is illustrated in Figure 1. As shown, the received signal after FFT operation is firstly whitened using the interference covariance information (i.e., ) obtained from the channel estimation stage. By doing so, the covariance matrix of the interference plus noise becomes an identity matrix, and the post-equalizer SINR is maximized. Then, the whitened signal is input to the MMSE demapper that is used for demodulation. In this procedure, the demodulation performance strongly relies on the accuracy of the interference information, which requires consistence between the interference information seen by the data transmission and the interference information calculated at the UERS-based channel estimation stage.


Figure 1 MMSE-IRC receiver structure
However, this consistence does not hold for some open-loop (OL) and Semi-OL schemes, such as SFBC and RE-level co-phasing cycling. This is because in those schemes the data streams are mapped to UERS ports via either a specific mapping operation (see Figure 2) or an extra precoder (see Figure 3). With these structures, the precoder of the UERS sequences is different from the precoder of the data. As a consequence, if the interfering and/or the serving TRP is using these structures, the interference information seen by the UE in the serving cell at the data transmission stage may be different from the interference information at the channel estimation stage, 


Figure 2.  Transmitter structure of UERS based SFBC


Figure 3.  Transmitter structure of RE-level co-phasing cycling
Next, we will discuss the interference structure of three candidate Semi-OL schemes, namely SFBC, co-phasing cycling and small cyclic delay diversity (SCDD) in details.
Interference Covariance Mismatch in SFBC
In this part, we consider three cases specified in Table 1. It is clear that all the three considered cases employ the same UERS transmission, but only differ by the data transmission. Considering that two UERS ports are used in both cells, the received signals before whitening at the UE in the serving cell are expressed as follows.
· Case 1: ;
· Case 2: ;
· Case 3: ;
where  and  stand for the effective channel of the two UERS ports,  refers to the modulation symbol intended for the UE in the serving cell,  is the noise vector, while  is the subcarrier index. The tilde terms represent the corresponding terms of the interfering cell. Besides, we assume the channels remain unchanged across the two adjacent subcarriers to avoid the abuse of notations.
In LTE, the interference estimation is implemented by 1) subtracting the channel estimate from the UERS received signal, and 2) averaging the covariance matrix of the residual terms across the subcarriers. This operation results in an estimate of   for each subcarrier, where   and  is an identity matrix of  dimensions representing the covariance matrix of the noise. 
As shown in Table 1, by comparing with the actual covariance matrix of the interference plus noise for these three cases, we can see that for case 1 and case 2, the interference seen at the data transmission aligns with the interference covariance estimation. However, in case 3, the off-diagonal entries of the interference plus noise covariance matrix are non-zero values. The reasons are two-fold: 1) the decoding of SFBC in the serving cell spans two subcarriers, which lead to an increased dimension compared to the interference observed by the UERS received signal, and 2) the SFBC in the interfering cell transmits the same symbols across the two subcarriers, which result in non-zero off-diagonal values. Hence, to obtain an accurate interference estimation, the following issues are necessary
· The estimation of UERS ports of interference link;
· The awareness of SFBC transmission in the interference link.
Table 1  Covariance matrix of interference plus noise for the cases with SFBC
	
	Case 1
	Case 2
	Case 3

	Serving cell
	SFBC
	Rank-2 spatial multiplexing
	SFBC

	Interfering cell
	Rank-2 spatial multiplexing
	SFBC
	SFBC

	Actual 
	
	 for both subcarriers
	

	Estimate 
	
	
	



Observation 1: Interference information mismatch occurs when both serving link and interfering link work in the SFBC mode.
Observation 2: To obtain accurate interference information for the MMSE-IRC receiver, one may need an estimate of the interfering UERS ports and be aware of the SFBC transmission in the interfering link.
Interference Covariance mismatch in Co-phasing Cycling
In this part, we discuss the interference mismatch issues in the RE-level co-phasing cycling. We consider that two UERS ports are used. For rank-1 transmission, the single layer is mapped to the two UERS ports by cycling over a pre-defined co-phasing set, e.g., . For rank-2 transmission, the two layers are mapped to the UERS ports by cycling over . In the following, we only discuss the case with co-phasing cycling in the interference link. The case where there is co-phasing cycling in the serving link is the same as the case where there is rank-2 spatial multiplexing in the serving link, because the demodulation spans a single subcarrier. 
Specifically, considering that there is rank-2 spatial multiplexing in the serving link and co-phasing cycling in the interfering link, the received signal writes as
· Rank 1: 
· Rank 2: 
where .The covariance matrices of the interference plus noise are given in Table 2. It shows that there is interference mismatch for rank-1 transmission, compared to the interference estimate  obtained by the UERS received signal. Hence, similar to section 2.2, we see that to obtain an accurate interference estimation, the following issues are necessary
· The estimation of UERS ports of interference channel for rank-1 transmission;
· The awareness of rank-1 co-phasing cycling transmission in the interference link.
Table 2  Covariance matrix of interference plus noise for the cases with co-phasing cycling
	
	Rank1
	Rank 2

	Actual 
	
	

	Estimate 
	
	



Observation 3: Interference information mismatch occurs when there is rank-1 co-phasing cycling in the interfering link.
Observation 4: To obtain accurate interference information for the MMSE-IRC receiver, one may need an estimate the interfering UERS ports and be aware of the rank-1 co-phasing cycling transmission in the interfering link.
SCDD and Performance Comparison
Another candidate scheme for OL and Semi-OL spatial multiplexing is SCDD, whose transmitter structure is shown in Figure 3. In this approach, the precoding matrix gradually varies across subcarriers via applying different (small) cyclic delays on different (virtual) antennas. This precoding method enables RE-level precoder cycling without using extra precoder, because good channel estimation can be obtained thanks to the continuity feature of the precoders across the frequency domain. 


Figure 4.  Transmitter structure of SCDD
To be specific, let us consider that the TRP obtains a wideband precoding matrix  of size , where  is the number of virtual antennas. Then, let  with  denote the small phase offset applied to the th virtual antenna, and  is the first  columns of a -dimensional DFT matrix. The precoder of SCDD can be expressed as

where  is the subcarrier index. For , the precoder used for rank-1 SCDD transmission writes as , while the precoder used for rank-2 SCDD transmission writes as , where  and  are the first and second column of , respectively. 
It is worth mentioning that since there is no explicit precoder, the precoder used for UERS sequence is the same as the precoder used for data transmission. Hence, there is no interference mismatch between the UERS received signal and the data transmission.
Observation 5: There are four advantages of SCDD. First, no extra precoder or any specific kind of layer to UERS mapping is need so that the precoder used for UERS sequence is the same as the precoder used for data transmission. Second, SCDD does not have interference mismatch issues; Third, good channel estimation can be obtained thanks to the continuous precoder. Fourth, SCDD needs less UERS ports than SFBC.
Simulation results are shown in Figure 5 for rank-1 transmission, considering that the signal to interference ratio is 5dB. The detailed simulation setup is given in the Appendix. As shown, SCDD outperforms SFBC and co-phasing cycling except for low SNR, where noise becomes the dominant part in the  matrix (Note that this observation aligns with the main results in [3], where it is shown that SFBC outperforms SCDD when there is no inter-/intra-cell interference). To sum, these observations are consistent to our analysis that SFBC and co-phasing cycling (rank-1) are sensitive to the  mismatch. 
[image: ]
Figure 5.  Rank-1 transmission.
Proposal 1: To study solutions that enhance the interference estimation accuracy.
Proposal 2: To study the performance of SFBC, co-phasing cycling and SCDD in NR considering realistic channel estimation and interference management.
[bookmark: _Ref378529477]Conclusions
In summary, we discuss the interference mismatch issues occurred in Semi-OL schemes, such as UERS-based SFBC, RE-level co-phasing cycling and SCDD.  Based on the following observation:
Observation 1: Interference information mismatch occurs when both serving link and interfering link work in the SFBC mode.
Observation 2: To obtain accurate interference information for the MMSE-IRC receiver, one may need an estimate the interfering UERS ports and be aware of the SFBC transmission in the interfering link.
Observation 3: Interference information mismatch occurs when there is rank-1 co-phasing cycling in the interfering link.
Observation 4: To obtain accurate interference information for the MMSE-IRC receiver, one may need an estimate the interfering UERS ports and be aware of the rank-1 co-phasing cycling transmission in the interfering link.
Observation 5: There are four advantages of SCDD. First, no extra precoder or any specific kind of layer to UERS mapping is need so that the precoder used for UERS sequence is the same as the precoder used for data transmission. Second, SCDD does not have interference mismatch issues; Third, good channel estimation can be obtained thanks to the continuous precoder. Fourth, SCDD needs less UERS ports than SFBC.
We propose
Proposal 1: To study solutions that enhance the interference estimation accuracy.
Proposal 2: To study the performance of SFBC, co-phasing cycling and SCDD in NR considering realistic channel estimation and interference management.
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Appendix
Table 3. Simulation parameters
	Carrier frequency
	4GHz

	Tone Spacing
	35kHz

	FFT Length
	2048

	RB size (# of tones)
	16

	# of PDSCH RBs
	128

	Subfame duration
	0.5 usec

	SRS periodicity
	4 subframes

	Tx Antenna
	8 with x-pol

	Rx Antenna
	4 with x-pol

	Ant Correlation
	Medium (0.3 at both sides)

	Precoder type
	Reciprocal based

	Channel
	TDL-A

	Delay spread
	300ns

	Doppler
	300Hz

	Channel estimation
	Perfect
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