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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 the previous meeting, we discussed the candidate TS2 schemes in [3] via link-level simulation considering a large RB allocation (i.e., 16RB, approximately 9M bandwidth).  In this contribution, to improve our analysis, we provide link and system level simulation considering small RB allocation.
Transparent vs non-transparent open-loop schemes
In this section, we highlight some key features of the candidate schemes, namely SFBC, precoder cycling and SCDD.
For DMRS based SFBC, the pain points in the case with small RB allocation are similar to the case with large RB allocation, namely channel estimation penalty (3dB power loss compared to transparent scheme), transmission dimensionality limitation and interference rejection limitation (rank-2 interference) [3].  However, since the channel selectivity in frequency domain could be lower in small RB allocation than in the large RB allocation, the spatial diversity offered by SFBC becomes more a more essential character.
There are mainly two types of precoder cycling, i.e., RE-level or RB-level cycling.  
1. RE-level cycling can only be implemented with non-transparent DMRS.  Similar to SFBC, the pain points of RE-level cycling are channel estimation penalty and interference rejection issue, while diversity may become a more important issue in small RB allocation to improve the robustness.
2. RB-level cycling can be implemented with either transparent DMRS or non-transparent DMRS.  For the non-transparent RB-level cycling, the pain points are the same as RE-level cycling and the diversity offered by RB-level cycling is slightly lower than RE-level cycling.  For the transparent RB-level cycling, there is no aforementioned channel estimation penalty and the interference rejection issue.  On the other hand, since the precoder varies on different RB, PRB bundling cannot be performed.  Therefore, from channel estimation perspective, transparent RB-level cycling and non-transparent RB-level cycling play a trade-off between DMRS overhead and PRB bundling size.  Intuitively, with large delay spread, transparent RB-cycling may have a lower channel estimation error because the DMRS port power is the critical issue; at small delay spread, bundling size may become important to obtain a high processing gain.
For DMRS based SCDD, the pain points in the case with small RB allocation are two folds.  First, since it is no longer possible to perform wideband channel estimation, the channel estimation benefit offered by SCDD decreases compared to the case with large RB allocation.  Second, with small RB allocation, the small phase offset applied on each tone may not guarantee a full cycle over the allocated RB, thus degrading the diversity performance.  However, SCDD does not have the interference rejection issue, which is an essential character in the case with strong inter-cell interference.
Evaluation and discussion
Link-level simulation
In the link-level simulation, we consider that a beam based on wideband CSI is selected.  For SFBC, RE-level precoder cycling and RB-level non-transparent precoder cycling, the beam forms two DMRS ports, i.e., one port per polarization.  Then, SFBC employs these two ports to conduct Alamouti transmission, while precoder cycling applies an additional precoder  which cycles over a set of co-phasing vector/matrix.  In this contribution, we consider that the co-phasing vector/matrix cycles over  for rank-1 transmission.  For SCDD, the reported beam together with the continuous co-phase vectors yield one DMRS port.  The simulations are performed considering there is 5dB interference caused by neighboring cell.  The geometry (i.e., SINR) is calculated via SNR-5 (in dB).  Detailed simulation parameters are summarized in Table 2 in the Appendix.
Figure 1 and 2 show the rank-1 performance at 5Hz Doppler shift with 100ns and 300ns delay spread, respectively.  We can see that transparent schemes, i.e., SCDD, and RB-level transparent cycling outperform all the other schemes because of the good channel estimation quality and non-transparent schemes suffer from interference rejection problem.  Notably, in the last meeting, there were some worries about the performance of SCDD at large delay spread.  However, our evaluation show that SCDD and transparent schemes are more robust at high delay spread.  This is because of the inherent frequency selectivity compensate the diversity loss compared to non-transparent schemes.  Besides, between transparent schemes, SCDD yields the better performance.
Figure 3 illustrates the rank-1 throughput at 500Hz Doppler shift 300ns delay spread, respectively.  We observe that transparent schemes yield similar results to non-transparent schemes at small delay spread, while transparent schemes outperform non-transparent schemes at large delay spread.  This observation shows that although diversity improves the robustness at high Doppler scenario, the interference rejection issue is still the bottleneck that limits the performance of non-transparent schemes
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Figure 1.  Rank-1, DS=100ns, Doppler=5Hz.
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Figure 2.  Rank-1, DS=300ns, Doppler=5Hz.




[image: ]
Figure 3.  Rank-1, DS=300ns, Doppler=500Hz.


System-level simulation
In this section, we provide system-level comparison among SFBC, RE-level cycling, RB-level transparent cycling and SCDD.  The simulation is carried out considering UMa-500m channel.  All the schemes are performed with rank-1 transmission and subband scheduling (consisting of 8 PRBs).  16 antenna ports are configured with (N1, N2) = (4, 2) and dual-polarizations, where N1 and N2 stand for the antenna ports in horizontal and vertical, respectively.  The UE mobility is 120km/h.  The beam selection and CSI feedback for each scheme are the same as in the link-level simulation.  The detailed simulation parameters are given in Table 3.

The key features are summarized in Table 1.  We can see that transparent schemes yield best performance with 8.6% gain over SFBC at cell-edge and 9.1% gain over SFBC at 50%-tile.  Between the two transparent TS2 schemes, SCDD is slightly better because of the channel estimation benefit offered by PRB bundling.  For non-transparent schemes, SFBC is worse than RE-level cycling at cell-edge, while outperforms RE-level cycling at cell centre. This is because SFBC is more sensitive to interference rejection limitation at low geometry, while the diversity benefit becomes more critical at high geometry. 
Table 1:  Summary of system-level simulation results

	
	
	SFBC
	RE-cyc
	RB-cyc
	SCDD

	Full buffer
	5%-tile
	100%
	6.9%
	8.5%
	8.5%

	
	50%-tile
	100%
	-0.3%
	6.4%
	9.1%

	
	95%-tile
	[bookmark: _GoBack]100%
	-3.1%
	2.8%
	5.9%



Discussions
According to the link and system-level simulation results, we can see that channel estimation quality and interference rejection capability are important characteristics for OL/Semi-OL schemes.  Although SFBC provides better diversity gain under ideal channel estimation and interference rejection, the loss under practical scenario is unaffordable.  Moreover, from rank adaptation perspective, it is easier for transparent schemes to dynamically switching between rank-1 and rank-2 with minimal signaling and complexity.  However, SFBC has to switch to a different scheme to perform rank-2 transmission, which yields higher overhead and implementation complexity.  
Moreover, the small delay adopted in SCDD yields a trade-off between channel estimation quality and precoder selectivity.  It can be selected according to different channel properties.  For instance, for small RB allocation and small delay spread, a larger delay (phase offset in frequency domain) can be picked up to obtain a higher selectivity because channel in frequency domain is relatively flat so that the larger delay would not degrade the channel estimation too much.  A small delay could be suitable for large delay spread or large RB allocation.  The value of the chosen delay can be transparent to UE.
To sum, key observations are summarized as follows:
Observation 1: Channel estimation quality and interference rejection are essential to the OL/Semi-OL scheme performances.  
Observation 2: Transparent schemes outperform non-transparent schemes.  Among transparent schemes, SCDD achieves better performance because of robust channel estimation quality offered by PRB bundling and minimal DMRS overhead.
In the last meeting, there were some views that state there is no interference mismatch issue for SFBC.  Those claims suggest that the type of interference source can be detected via blind detection.  However, the feasibility of performing the blind detection  is unclear and needs further study.  Also, the resultant decoding delay is also a major issue that impacts the user experience.  In addition, a solution to avoid interference mismatch by rearranging the SFBC signal was proposed.  In that scheme, each TRP has to avoid of using the same SFBC signal pattern used in the neighboring cell, otherwise the interference mismatch issue still exists.  Since each cell may be interfered by have multiple interferers, it is very likely to have SFBC signal pattern collision.
Based on the above discussions, 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.
[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, such as RB-level co-phasing cycling and SCDD.  Our observation is as follows.
Observation 1:	Channel estimation quality and interference rejection are essential to the OL/Semi-OL scheme performances.  
Observation 2:	Transparent schemes outperform non-transparent schemes.  Among transparent schemes, SCDD achieves better performance because of robust channel estimation quality offered by PRB bundling and minimal DMRS overhead.
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.
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Appendix
Table 2: Link-level simulation parameters.
	Parameter
	Value

	Carrier frequency
	4GHz

	Tone spacing
	35kHz

	FFT length
	2048

	RB size (# of tones)
	16

	# PDSCH RBs
	4

	Slot duration
	0.5 ms

	Tx antenna
	8 with x-pol

	Rx antenna
	4 with x-pol

	Antenna correlation
	Medium

	Channel
	TDL-C

	Delay spread
	100ns, 300ns

	Doppler
	5Hz, 500Hz

	Channel estimation
	Robust MMSE with bundling = 1, 4



Table 3: System-level simulation parameters.
	Parameter
	Value

	Simulation type
	Full buffer

	Channel model
	UMa-500m

	TRP antenna configuration
	16 ports virtualized from (8, 4, 2) antenna array

	# of UE antennas
	2

	UE mobility
	120km/h

	Scheduling
	PF, subband based (8 PRBs)

	Codebook
	R13 Class A, (O1, O2) = (4, 4)

	Rank
	1

	Channel estimation
	Non-ideal

	Receiver
	MMSE-IRC

	HARQ
	Max 4 retransmissions

	System bandwidth
	20MHz (50RBs)
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