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Introduction
In RAN1 Ad hoc and NR meeting, a WF on DL MIMO transmission schemes [1] was discussed.  The agreements are as follows [2].
· 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 discuss the aforementioned candidate schemes and provide some link level simulation results.
Transparent vs non-transparent open-loop schemes
In this contribution, we focus on four candidate schemes, i.e., DMRS based SFBC, precoder cycling with transparent DMRS, precoder cycling with non-transparent DMRS and small-delay CDD with transparent DMRS. 
DMRS based SFBC
SFBC was introduced in LTE as a CRS-based transmission diversity scheme. In NR, since CRS-like always-on signal is avoided, SFBC should be DMRS based. Particularly, based on wideband and/or long term CSI, a beam is selected for each transmit polarization array, thus forming one DMRS port per polarization. Then, the two DMRS ports are used for performing Alamouti scheme.  Theoretically, this structure achieves full transmit diversity without increasing system bandwidth.
However, since SFBC requires two DMRS ports though rank-1 transmission is carried out, it has following drawbacks: 
1. Channel estimation penalty: Under the same overhead configuration, the DMRS for SFBC has lower density (if DMRS ports are FDMed) or 3dB power loss (if DMRS ports are CDMed) than the DMRS designed for transparent rank-1 transmission scheme. This fact leads to a worse channel estimation quality. From this perspective, the diversity gain offered by SFBC may be shrunk with practical channel estimation.  
2. Transmit dimensionality limitation: According to the first bullet, it can be inferred that SFBC needs twice DMRS overhead as the transparent schemes to obtain an identical channel estimation quality. However, for transparent scheme, this additional overhead can be used to perform MU-transmission or SU rank-2 transmission, which yield a better throughput performance than SFBC at high geometry. Furthermore, as SFBC is rank-1 only, there is a high complexity and more signaling overhead to switch to rank-2 scheme (because the transmission schemes has to be changed).
3. Interference rejection limitation: Since two modulation symbols are transmitted in every single tone, SFBC causes a rank-2 interference to the neighboring cell.  Compared to other rank-1 transmission schemes, such unnecessarily increased interference rank requires additional dimensionality at the receiver for interference rejection.  Performance degradation can be expected when interference rejection receiver is used, especially when there is strong interference.  Moreover, if the neighboring cell is SFBC as well, there is a mismatch between the estimated Rnn obtained using DMRS and the actual Rnn overheard at the data transmission stage [3]. 
Precoder Cycling
The precoder of this scheme can be written by , where  are beams formed based on wideband and/or long-term CSI, while  stands for the co-phasing vector/matrix. In this contribution, we consider that the co-phasing vector/matrix cycles over  and  for rank-1 and rank-2 transmission, respectively. This approach cannot achieve full spatial diversity, but it introduces additional frequency selectivity. There are two options for cycling granularity, i.e., RE-level and RB-level. 
For the RE-level cycling, since the co-phasing precoders change sharply across tones, two DMRS ports are required to support rank-1 transmission. Hence, RE-level cycling is a non-transparent scheme. Similar to SFBC, RE-level co-phasing cycling also suffers from the channel estimation penalty.  Moreover, since the exact precoder (wideband precoder multiplied by the co-phasing precoder) used in the data transmission is different from the precoder (wideband precoder only) used in the DMRS transmission, this approach also has the Rnn mismatch issue for rank-1 transmission.
For the RB-level cycling, since the co-phasing precoder fixes within a RB, only one DMRS port is required and UE does not need to know the exact precoder on each RB. Thus, RB-level cycling is a transparent scheme. Consequently, it does not has the aforementioned channel estimation penalty and the interference rejection issue. On the other hand, since the precoder varies on different RB, it is hard to perform PRB bundling for channel estimation, which limits the performance when allocated with large bandwidth.
Small cyclic delay diversity (SCDD)
The transparent semi-OL scheme evaluated in this contribution is SCDD.  In this approach, the precoding matrix gradually varies across subcarriers via applying different (small) cyclic delays on different (virtual) antennas.  To be specific, let us consider that the gNB 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. 
SCDD cannot achieve full spatial diversity, and the gradually changed phases across tones provide less frequency selectivity than co-phasing cycling.  However, the continuous precoders make SCDD a transparent scheme, because good channel estimation can be obtained with only one DMRS port for rank-1 transmission.  Besides, PRB bundling wideband channel estimation can be carried out to further enhance the processing gain.  Furthermore, as the precoder used in the data transmission is identical to the precoder used in the DMRS transmission, SCDD has no Rnn mismatch issue. Since a single modulation symbol is transmitted on each single tone for rank-1 transmission, SCDD has no dimensionality issue with Rnn



Table 1. Comparison of candidate schemes
	
	DMRS based SFBC
	RE-level cycling
	RB-level cycling
	SCDD

	Type
	Non-transparent
	Non-transparent
	transparent
	transparent

	# of DMRS ports
	2 for rank-1
	2 for rank-1
2 for rank-2
	1 for rank-1
2 for rank-2
	1 for rank-1
2 for rank-2

	CE quality
	Lower DMRS density or 3dB power loss than transparent scheme
available for PRB bundling
	Lower DMRS density or 3dB power loss than transparent scheme
available for PRB bundling
	Unavailable for PRB bundling
	PRB bundling size up to allocated BW

	Transmit dimensionality
	Improper for MU
High complexity for RA
	Improper for MU
Easy for RA
	Easy for RA and MU switching
	Easy for RA and MU switching

	Interference rejection limitation
	yes
	no
	no
	no

	Rnn mismatch
	yes
	Yes for rank-1
No for rank-2
	no
	no



Link-level results and discussion
In this section, we provide some link-level simulation results considering there is 5dB interference caused by neighboring cell. The geometry (i.e., SINR) is calculated via SNR-5 (in dB). 
Figure 1 shows the rank-1 performance at low Doppler under 8x4 dual-pol antenna setting. We can see that SCDD outperforms all the other schemes because of the good channel estimation quality and non-transparent schemes suffer from interference rejection problem. 
Figure 2 illustrates the rank-1 throughput at high Doppler under 8x2 dual-pol antenna setting. We observe that, at low geometry, transparent schemes, i.e., SCDD and RB-level precoder cycling, outperform non-transparent schemes, i.e., DMRS based SFBC and RE-level precoder cycling. This is because the channel estimation benefit of transparent schemes compensate their diversity loss. At high geometry, SFBC achieves the highest throughput because channel estimation is generally good at high geometry and diversity gain dominates the performance. 
Figure 3 illustrates rank-2 performance at high Doppler with 8x4 dual-pol antenna configuration. We see that RE-level cycling outperforms RB-level cycling because there is no Rnn mismatch issue under rank-2 transmission and the diversity of RE-level cycling is slightly better than RB-level cycling. Besides, SCDD yields a higher throughput performance than RE-/RB-level cycling since the candidate co-phasing matrices is 2, which reduces the diversity gain compared to the rank-1 case. Moreover, from rank adaptation perspective, it is easier for SCDD to dynamically switching between rank-1 and rank-2 with minimal signaling and complexity. However, SFBC has to be switched to a different scheme to perform rank-2 transmission. This fact gives SCDD the potential to yield a better performance at high geometry when rank adaptation is enabled.
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Figure 1.  Performance comparison: rank-1, DS=100ns, Doppler=5Hz, 4RB.
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Figure 2.  Performance comparison: rank-1, DS=100ns, Doppler=500Hz, 16RB.
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Figure 2.  Performance comparison: rank-2, DS=100ns, Doppler=500Hz.
The key observations are summarized as follows:
Observation 1: Non-transparent schemes are sensitive to the interference. Among non-transparent schemes, SFBC yields the best performance.
Observation 2: Transparent schemes are preferred at least for low geometry. Among transparent schemes, SCDD is better especially at low Doppler and rank-2 transmission.
Observation 3: Transparent schemes like SCDD support fast dynamic rank-adaptation, which may yield a better performance at high geometry.
Accordingly, it can be inferred that SFBC is not a compulsory rank-1 transmission scheme for eMBB devices, where throughput is the stringent issue.  Indeed, SFBC can provide extra protection to the data and leads to better reliability performance, but this benefit is more meaningful for URLLC devices.  Therefore, this “additional” non-transparent TxD scheme should be associated with respective use cases by making it optional so that specific options can be picked per device (both UE and gNB).
Furthermore, in LTE, SFBC was considered as the fall-back scheme in TM9, but in NR, it is good to avoid mixing transparent and non-transparent schemes in a single transmission mode (TM).  The main reason is as follows.  Essentially, in LTE, SFBC is CRS based, which allows for blind detection to estimate the interference accurately.  Once it is detected that the interfering signal is SFBC, the Rnn mismatch problem can be solved.  The interference rejection receiver may yield a better performance, although the penalty of dimensionality still cannot be fixed.  In NR, since SFBC is DMRS based and a unified TM including all MIMO schemes is preferred, it is difficult to perform blind detection to identify the structure of the interference signal due to the huge amount of hypothesis.  In this way, the Rnn issue becomes the main limiting factor of the system performance. Thus, if the non-transparent transmit diversity scheme like SFBC has to be introduced with respective use cases, it shall be include in a separated TM rather than merge it with the TM that contains transparent schemes
Proposal 1: Transparent schemes are preferred for TS2 rank-1 and rank-2 scheme. Consider SCDD as TS2 rank-1 and rank-2 scheme.
Proposal 2: If SFBC is needed, it may be supported in a transmission mode other than the transparent DMRS based mode, depending on use-cases.
[bookmark: _Ref378529477]Conclusions
In summary, we provide link-level simulation results and discuss the pros and cons of non-transparent Semi-OL schemes, such as DMRS-based SFBC, RE-level co-phasing cycling and transparent Semi-OL scheme, i.e., SCDD.  Based on our discussion, we propose
Proposal 1: Transparent schemes are preferred for TS2 rank-1 and rank-2 scheme. Consider SCDD as TS2 rank-1 and rank-2 scheme.
Proposal 2: If SFBC is needed, it may be supported in a transmission mode other than the transparent DMRS based mode, depending on use-cases.
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Appendix
Table 2. Simulation parameters
	Carrier frequency
	4GHz

	Tone Spacing
	35kHz

	FFT Length
	2048

	RB size (# of tones)
	16

	# PDSCH RBs
	4, 16

	Subfame duration
	0.5 usec

	Tx Antenna
	8 with x-pol

	Rx Antenna
	4 with x-pol

	Ant Correlation
	Medium (0.3 at both sides)

	Channel
	TDL-C

	Delay spread
	100ns

	Doppler
	5Hz, 500Hz

	Channel estimation
	Robust MMSE with bundling=1,4
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