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Introduction
Based on discussions throughout the past few meetings, the following agreements on MIMO transmissions have been achieved in 3GPP RAN1 #87 meeting [1]:
· 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
· 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
· Define at least two sets of transmission parameters, where
· Transmission parameter set 1: parameters configured (FFS: L1 or L2 or L3)
· For default transmission scheme, specify default values of parameters in the Transmission parameter set 1
· FFS: Whether default value can be derived implicitly
· Note that depending on parameter settings in transmission parameter set 1, the size of transmission parameter set 2, i.e. DCI size, may vary. 
· Transmission parameter set 2: parameters indicated by physical layer (e.g. NR PDCCH channel)
· FFS whether multiple subsets is supported and how to simplify DCI format
· Note: some transmission parameter may belong to both set-1 and set-2
· Detail parameters and usage condition are TBD
In the last RAN1 meeting, it’s agreed that [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 present our considerations on beamforming operations and DL MIMO scheme designs for data and control channel transmissions in NR. 
General considerations 
Due to the reasons discussed above, it’s observed that, beamforming is even more important for NR. Beamforming in terms of blind sweeping to cover the serving area and dynamical adjustment to optimize user-specific transmissions and receptions might all be useful throughout L1/L2 operations. 
In legacy LTE system, targeting at distinct deployment scenarios, up to 10 Tx modes have been defined. And the switches between Tx modes can only be semi-statically configured via RRC signalings. The NR interface, on the other hand, is expected to support a single technical framework addressing all usage scenarios, requirements and deployment scenarios including eMBB, mMTC and URLLC. The single technical framework is expected to support different frequency bands including from sub-6GHz up to 100GHz. To avoid technology fragmentation, reduce specification efforts and implementation cost, a single unified MIMO framework that can be adapted to support a wide range of diverse use cases is also desirable for NR. Under the common framework, MIMO transmission can be optimized for different frequency bands, deployment and usage scenarios by choosing differently optimized numerologies, e.g. CSI quantization granularity, feedback delay and as such. 
Open-loop/semi-open-loop transmission schemes for NR
LTE has been heavily focused on close-loop beamforming, where CSI feedback naturally breaks down when UE speed increases. For NR, practical robustness under high-speed scenarios with open-loop transmissions should not be overlooked. High-speed applications are increasingly important for emerging mobile devices and business opportunities as such connected automotives, V2X, and drones for civil and law enforcement, where high-speed robustness is critical. In such cases, combinations of beamforming and open-loop spatial multiplexing and transmit diversity can be considered. 
Open-loop and close-loop MIMO are separately designed in different transmission modes in LTE, i.e., TM3 and TM4/TM9/TM10. eNB has to choose appropriate transmission mode for UE according to moving speed, robustness requirements, etc. As transmission mode is semi-statically switched, it may not be able to fast track the environment variation. In addition, separate design makes it difficult to achieve robustness and efficiency simultaneously.  Hence, it is desirable to design open-loop MIMO and close-loop MIMO under the same transmission, CSI feedback, and RS framework.
For open-loop transmission schemes standardized in Rel-8, CRS based transmission was adopted. Generally, CRS ports can be assumed to have a sector-wise coverage in legacy systems. However, due to the non-ideal propagation characteristics mentioned above, such CRS-like reference signals conveyed by wide beams might not exist in systems with carrier frequency above 6GHz.  To cope with this, depending on the CSI available, different approaches could be applied at the transmit side. Processing in both analog and digital domains would all be beneficial.
· Semi-open-loop MIMO can be used for the scenarios with partial or deficient CSI, e.g., a rough beam pair, which could be the cases for user/user group-specific control and data transmissions.
· Based on regular beam training & tracking, if at least a pair of beams match the channel roughly at both sides of a radio link is available, beam broadening or cycling could be used to enhance transmission reliability with less accurate but more robust analog beam. Furthermore, redundant beam pairs can be maintained to better overcome blockage effect.  The combination of above mentioned methods can also be considered. Anyway, the beam pair maintained through beam management can be used directly in transmission, especially when the beams are already wide enough considering the mobility of scenario. 
· At baseband, on the other hand, more flexible processing is possible to further improve the transmission reliability.
· Alt-1: as shown in Figure1, with multiple analog beam pairs and/or dual polarizations, transmission schemes such as TxD and spatial division multiplexing can be applied. It’s noted that, some TxD schemes like SFBC/SFBC+FSTD might have restrictions on number of virtual antenna ports (TX/RU), e.g., 2 or 4. If more than the supported number of virtual antenna ports are available, Alt-2 can be considered. 
· Alt-2: in figure 2, frequency-selective and/or time-varying weighting can be applied at base band first
· Single or multi-layer beamforming can be enabled. Based on CSI available at baseband, cycling/broadening are applicable for digital beamforming as well.
· Furthermore, based on reduced number of equivalent ports after aforementioned weighting, TxD or open-loop SDM with possibly different frequency/time domain granularity can still be used on top of the above analog and baseband operations
· Open-loop MIMO can be used for the scenarios without establishment of reliable beam pair, or even without any prior CSI at the transmit side. Broadcasting-like common control information, user/user group-specific control and data could all be the possible use cases.
· Without reliable CSI, less efficient approaches, such as blind sweeping, multi-beam SFN or sector-wise wide beam could be applied in RF beamforming
· At baseband, similar schemes to semi-open-loop transmission can also be adopted. 
Proposal 1: support the combinations of beamforming and semi-open-loop/open-loop transmission schemes depicted in Fig.1 & 2 for NR DL.
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Fig.1: examples of baseband processing Alt-1 for semi-open-loop/open-loop transmission
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Fig.2: examples of baseband processing Alt-2 for semi-open-loop/open-loop transmission
Evaluation results of semi-open-loop transmission schemes
In [3], we have evaluated the performance of the following semi-open-loop transmission schemes:
· Opt.1: PMI based PRB level precoder cycling for rank = 1 and rank = 2
· Opt.2: PMI based RE level precoder cycling for rank = 1 and rank = 2
· Opt.3: PMI based TxD for rank = 1, and PMI based RE level precoder cycling for rank = 2
The evaluation assumption for different semi-open-loop MIMO schemes are described below. Remaining details on simulation parameters are listed in the appendix.
For PMI based RE level precoder cycling, the overall precoding matrix (combing the OL-Precoding and CL-Beamforming) for the data on the ith RE within a PRB is:




where is CL-beamforming weight reported by UEs,is kth precoder in an OL-pattern, and k = i mod K,  K is the number of precoders in the OL-pattern.
For rank = 1, K = 4 and the precoders in the OL-pattern:




 
For rank = 2, K = 2 and the precoders in the OL-pattern:


     

For PMI based PRB level precoder cycling, the precoding matrix is the same as that of PMI based RE level precoder cycling except that  is used for all REs in the ith PRB within a subband.
For PMI based TxD, the same CL-beamforming weight as PMI based RE level precoder cycling is used, and 2Tx transmit diversity (SFBC coding) is adopted. It should be noted that Opt.3 can be regarded as an extension of TM3.
During the simulation, UE would estimate the interference on different REs and calculate the average interference covariance matrix within each PRB for CSI measurement.
The results for FTP traffic are shown in Table I-II with close-loop MIMO as baseline.

Table I: Performance of semi-open-loop MIMO, FTP traffic, =2, 3D-UMa
	Configuration
	Speed
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	[bookmark: _Hlk419447026]3D-UMa
	CL-MIMO
	30km/h
	9.16 
	0.0%
	29.06 
	0.0%
	32.54 
	0.0%
	22.0%

	
	
	60km/h
	7.85 
	0.0%
	27.43 
	0.0%
	30.91 
	0.0%
	23.9%

	
	
	120km/h
	6.72 
	0.0%
	24.92 
	0.0%
	28.42 
	0.0%
	26.4%

	
	OL Opt.1
	30km/h
	8.93 
	-2.5%
	29.56 
	1.7%
	33.25 
	2.2%
	21.9%

	
	
	60km/h
	7.85 
	0.0%
	27.00 
	-1.6%
	30.56 
	-1.1%
	24.4%

	
	
	120km/h
	6.75 
	0.4%
	25.19 
	1.1%
	28.78 
	1.3%
	26.3%

	
	OL Opt.2
	30km/h
	6.25 
	-31.8%
	25.21 
	-13.2%
	29.56 
	-9.2%
	27.0%

	
	
	60km/h
	5.38 
	-31.5%
	24.02 
	-12.4%
	28.29 
	-8.5%
	29.3%

	
	
	120km/h
	4.70 
	-30.1%
	21.99 
	-11.8%
	25.95 
	-8.7%
	32.3%

	
	OL Opt.3
	30km/h
	9.47 
	3.4%
	29.56 
	1.7%
	33.51 
	3.0%
	21.0%

	
	
	60km/h
	8.71 
	11.0%
	28.10 
	2.4%
	31.54 
	2.0%
	22.8%

	
	
	120km/h
	8.53 
	26.9%
	27.90 
	12.0%
	31.23 
	9.9%
	22.9%




Table II: Performance of semi-open-loop MIMO, FTP traffic, =2, 3D-UMi
	Configuration
	Speed
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMi
	CL-MIMO
	30km/h
	7.67 
	0.0%
	28.34 
	0.0%
	31.53 
	0.0%
	24.4%

	
	
	60km/h
	5.99 
	0.0%
	25.12 
	0.0%
	28.84 
	0.0%
	26.5%

	
	
	120km/h
	4.58 
	0.0%
	22.12 
	0.0%
	26.08 
	0.0%
	31.9%

	
	OL Opt.1
	30km/h
	7.60 
	-0.9%
	28.10 
	-0.8%
	31.61 
	0.3%
	24.6%

	
	
	60km/h
	6.06 
	1.2%
	25.56 
	1.8%
	29.08 
	0.8%
	28.1%

	
	
	120km/h
	4.91 
	7.2%
	23.59 
	6.6%
	27.44 
	5.2%
	30.5%

	
	OL Opt.2
	30km/h
	3.55 
	-53.7%
	20.65 
	-27.1%
	25.30 
	-19.8%
	36.3%

	
	
	60km/h
	3.06 
	-48.9%
	18.53 
	-26.2%
	23.70 
	-17.8%
	39.0%

	
	
	120km/h
	2.42 
	-47.2%
	16.75 
	-24.3%
	22.26 
	-14.6%
	41.1%

	
	OL Opt.3
	30km/h
	7.90 
	3.0%
	29.23 
	3.1%
	32.26 
	2.3%
	23.6%

	
	
	60km/h
	6.88 
	14.9%
	27.43 
	9.2%
	30.50 
	5.8%
	25.6%

	
	
	120km/h
	6.24 
	36.2%
	25.59 
	15.7%
	28.98 
	11.1%
	27.5%


It can be observed from the results that:
· Opt.1 provides similar performance as CL-MIMO in 3D-UMa, and about 5% gain over CL-MIMO at high speed in 3D-UMi scenario.
· The performance of Opt.2 is worse than that of Opt.1, and also worse than that of CL-MIMO. The reason is that precoder cycling at RE level would lead to dramatic change of interference among REs within one PRB if the layer number of interfering UE is 1. The interference variety enlarges interference estimation error and leads to inaccurate CSI.
· Opt.3 outperforms close-loop MIMO at medium-high speed and the gain grows with mobile speed. Opt.3 can provide additional diversity gain which is not impacted by mobility. That gain is similar to the gain of TM3 over TM4 at high mobility. 
Proposal 2: for semi-open-loop transmission, PMI based TxD for rank = 1, and PMI based RE level precoder cycling for rank = 2 should be supported, at least for sub 6GHz.
Conclusions
This contribution provides our high-level considerations on NR MIMO transmission scheme design and evaluation results of semi-open-loop transmission schemes. Based on the discussion and evaluation results above, we have the following proposals:
Proposal 1: support the combinations of beamforming and semi-open-loop/open-loop transmission schemes depicted in Fig.1 & 2 for NR DL.
Proposal 2: PMI based TxD for rank = 1, and PMI based RE level precoder cycling for rank = 2 should be supported, at least for sub 6GHz.
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Appendix
	Parameter 
	Value 

	Antenna configuration 
	Horizontal:  8 elements, X-pol (+/-45),  0.5λ space;
Vertical: 8 elements, 0.8λ space with fixed downtilt (100 for UMa, 104 for UMi);
8 TXRUs each of which maps to one column of antennas elements

	Scenario 
	3D-UMa with 500m ISD, 3D-UMi

	System bandwidth 
	10MHz (50RBs) 

	Carrier frequency 
	2GHz 

	UE speed 
	30/60/120 km/h 

	Model of cross polarization 
	36.814 

	Traffic model 
	FTP traffic (λ=2)

	Scheduling algorithm 
	PF, SU-MIMO 

	HARQ 
	Max 4 retransmissions 

	Receiver
	Realistic channel estimation
Realistic interference estimation

	
	MMSE-IRC receiver

	RI 
	Rank adaption, maximal RI is 2.

	PMI/CQI feedback granularity 
	Subband (8 PRBs) 

	PMI/CQI feedback delay 
	5ms 

	PMI/CQI feedback periodicity 
	10ms 

	RI feedback periodicity 
	120ms 

	Wrapping  method 
	Geographical  distance based 

	Handover margin 
	3 dB 

	Overhead 
	3 symbols for DL CCHs, 1 CRS ports, 12REs/PRB for DM-RS ports and 8 CSI-RS ports
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