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Introduction
In RAN1#87 the following agreement was made regarding DL multi antenna transmission schemes for NR [1]:
	Agreements:
· 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
· Note: spatial multiplexing and rank-1 are included
· 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
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 In this contribution transmission schemes without spatial information and with partial spatial information are discussed.  Performance comparison using link-level and system-level simulation results are provided.
Discussion	
Open-loop scheme without spatial information
In some cases spatial channel state information may be not reliable or available at the gNB transmitter. In this case gNB should apply open-loop transmission scheme that should achieve full spatial coverage. The simplest transmission scheme with full spatial coverage is single antenna transmission. However, in case of relatively large number of antenna elements at the gNB, it may be challenging to gNB to allocate all transmit power in a single antenna element. Another transmission scheme with full spatial coverage relies on the precoder cycling, where the precoding is applied to all antennas of gNB and changes in frequency and/or time. Comparing to single antenna transmission, the precoding cycling scheme can achieve full power utilization without any implementation limitation, and therefore, it should be considered as baseline for NR. 
One of the important aspect of the precoding cycling transmission scheme is selection of the precoder set for the cycling. In this paper, we compared two different precoder sets, one with DFT vectors and the other with non DFT vectors.
Non DFT precoding vectors were obtained from DFT vectors W by using beam broadening operation, where each DFT vector is multiplied by beam broadening function as follows:





,
where Wb is resulting precoding corresponding to broaden beam, N1 or N2 is number of antennas in horizontal and vertical domain and {p,c} are parameters that determine the desired beam width of the precoding. The examples of beam patterns for different values of c are illustrated in Figure 1.
 [image: ] 
[bookmark: _Ref458412312]Figure 1: Examples of beam broadening with 4 antennas for different c values 
To compare the performance of open-loop scheme with different precoding vectors sets, link-level simulations were carried out. For simulations, eight transmit antennas at the gNB were assumed. The channel with medium and high correlations were considered. LTE 8Tx rank-1 codebook with and without beam broadening function were used for precoding cycling, where the precoder was randomly chosen in every PRB. Other details of simulation assumptions can be found in Appendix (Scenario 1). 

[image: ][image: ]
Figure 2: Link level simulation results for precoder cycling with different c values and different MCS 
From the simulation results in Figure 2, it can be seen that precoding cycling based on the non-DFT vectors with the beam broadening function provides noticeable gains over DFT precoding cycling. The performance gains are increasing for the channel with high correlation.  Based on the result the following observation and proposal can be made:
Observation: Beam broadening function provides noticeable gains over DFT precoding for open-loop transmission scheme with precoding cycling. 
Proposal: Consider beam broadening function for open-loop schemes in NR
Semi-Open scheme with partial spatial information
In case of high speed scenarios, some of CSI information provided by the UE to gNB may become outdated due to feedback delay and channel aging. In this case, it may be beneficial to rely only on the subset of the reported CSI information. For example, in LTE, semi-open loop transmission scheme were introduced, where gNB only relies on W1 feedback for downlink transmission by applying precoding cycling only for the precoding vectors indicated by i1 report.
To identify the CSI parameters that can be used for transmission in high speed scenarios, link-level evaluations were carried out with eight transmit antennas at the gNB. Channel model with high and medium spatial correlation were considered. The performance of the transmission schemes with polarization cycling, polarization and beam cycling were compared to each other. The performance results for closed-loop scheme is also provided as a reference. In case of polarization cycling, the beamformer was selected according to the best reported beam in CSI report, while polarization was chosen randomly on each PRB. In case of polarization and beam cycling, the beamformer cycling was performed across all beams and polarizations within W1 report. 
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Figure 3: Link-level simulation results for semi-open loop and closed loop schemes 
From the simulation results presented in Figure 3, it can be seen that the transmission scheme with polarization cycling provides better performance comparing to other evaluated schemes. 
 Observation: For high-speed scenario transmission scheme with polarization cycling provides better performance than transmission scheme with polarization and beamforming cycling. 
SFBC precoding can also provide polarization diversity gain. However, since the number of transmission streams per subcarrier is two, compared to polarization cycling, SFBC reduces interference rejection capabilities of the interference aware receivers. To evaluate the performance impact, a system-level simulations were carried out for dense urban scenario with all outdoor UEs and 120 km/h speed. For evaluations FTP traffic model 1 was used. The system level performance for transmission scheme with polarization cycling and SFBC precoding were compared assuming MMSE-IRC receiver. LTE codebook was used for the precoding vectors.
Table 1: System level simulation results for different multi antenna schemes with MMSE-IRC receiver
	Traffic load (λ)
	low (2.5)
	medium (4.7)

	MIMO scheme
	Polarization cycling
	Polarization SFBC
	Polarization cycling
	Polarization SFBC

	UE average packet throughput, Mbps
	Average
	46.80
	44.30 (-5%)
	37.50
	32.63 (-13%)

	
	5% of CDF
	22.72
	19.36 (-15%)
	14.25
	10.04 (-29%)

	
	50% of CDF
	55.25
	53.34 (-4%)
	36.37
	30.11 (-17%)

	
	95% of CDF
	55.85
	55.84 (0%)
	55.78
	55.73 (-1%)

	Resource utilization
	18.1%
	19.8%
	37.5%
	44.4%


	From the simulation results presented in Table 1, it can be seen that SFBC precoding provides worse performance comparing to polarization cycling across PRBs.  
Observation: For interference limited scenarios, transmission scheme with polarization cycling across PRBs provides better performance comparing to SFBC transmission scheme. 
Partial slot precoding cycling
	As observed in the previous section, SFBC transmission as interference is difficult to suppress using standard MMSE-IRC receivers. As a result, in spite of better signal quality provided from the serving cell, SFBC scheme worse performs than single layer transmission scheme especially for the cell-edge UEs, mainly due to reduced interference suppression capabilities. 
It is expected that somewhat similar effect can be also observed for other transmission schemes, e.g. REs level precoding cycling, where the estimated interference covariance matrix includes the average contribution from all precoders used within a PRB. And thus may result in interference estimation mismatch. 
On the other hand, PRB level cycling does not have interference mismatch problem. However, when small number of PRBs are assigned to a UE, system performance may be reduced due to rack of diversity order. To overcome this issue and provide more spatial diversity to the transmission, in this section we propose precoding cycling on the part of the slot. The example, of such precoding cycling is illustrated in Figure 4, where one DL slot is shown. 
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Figure 4: Illustration of the precoding assignment in the partial slot precoding cycling
It can be seen that the DL slot is partitioned in two parts with two different precoders assigned for the DL slot transmission. If DM-RS structure supports non colliding DM-RS patterns, the interference due to such transmission can be estimated independently on the first and the second part of the DL slot. If the interference averaging is not applied across the different parts of slot, the interference rejection capabilities of MMSE-IRC should remain the same. To demonstrate that this scheme can provide the performance similar to RE level cycling, a link level evaluations were carried out. The performance of partial slot cycling was compared to the performance of RE-level and PRB-level cycling in the noise limited scenario. The details of simulation assumptions can be found in Appendix (Scenario 2). It can be seen from the Figure 5 that the performance of partial slot-level cycling is comparable to RE-level cycling.
[image: ]
Figure 5: Performance comparison of different precoding cycling approaches in noise limited scenario
To compare impact from interference generated by partial slot-level cycling and RE-level cycling, link level simulations were carried out for interference limited scenario for the two considered schemes. For the serving signal, transmission scheme with PRB based precoding is assumed. The details of simulation assumptions can be found in Appendix (Scenario 2). It can be observed from the Figure 6 that the performance of NR with MMSE-IRC receiver and RE-level interference precoding cycling is worse compared to the MMSE-IRC receiver with partial slot-level interference precoding cycling. 
[image: ]
Figure 6: Performance comparison of different precoding cycling approaches for interfering BS

Observation: Partial slot precoder cycling provides similar link performance as RE level cycling in noise limited scenario while it does provide better interference rejection capabilities to the neighboring cells. 
Based on the observations above the following proposal can be made.
Proposal: Adopt partial slot precoding cycling as transmission scheme with partial CSI information
Summary 
In this contribution transmission schemes without spatial information and with partial spatial information are discussed.  
The following observations were made:
· Beam broadening function provides noticeable gains over DFT precoding for open loop transmission scheme with precoding cycling. 
· For high-speed scenario transmission scheme with polarization cycling provides better performance than transmission scheme with polarization and beamforming cycling. 
· For interference limited scenarios, transmission scheme with polarization cycling across PRBs provides better performance comparing to SFBC transmission scheme. 
· Partial slot precoder cycling provides similar link performance as RE level cycling in noise limited scenario while it does provide better interference rejection capabilities to the neighboring cells.
Based on the observations the following proposals was made:
· Consider beam broadening function for open-loop schemes in NR
· Adopt partial slot precoding cycling as transmission scheme with partial CSI information
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Appendix
	Parameter for SLS
	Value

	Scenario
	Dense urban

	Layout
	Single layer: Macro layer: Hex. Grid

	Channel model
	3D UMa, ISD = 200 m

	Carrier frequency
	4 GHz

	Aggregated system bandwidth
	200 MHz (UL + DL)

	Simulation bandwidth
	20 MHz per CC

	Tx power
	BS: 44 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. 

	UE distribution
	Uniform 100% outdoor (120 kmph)

	BS antenna configuration
	8x8x2 URA X-pol, slants -45/+45 degree, 
1x8x2 TXRU layout
0.5-wavelength horizontal spacing
0.8-wavelength vertical spacing

	UE antenna configuration
	2 Rx X-pol, slant 0/90 degrees 

	Traffic model
	FTP 1

	TRP association
	RSRP based
Handover margin = 3dB

	Channel estimation 
	Ideal 

	Interference covariance estimation
	Ideal

	CSI feedback
	LTE codebook; (N1,N2) = (8,1); (O1,O2) = (4,1);
Codebook Config. 1. i1 feedback only

	Transmission mode
	DM-RS based SU-MIMO
Maximum rank of transmission is 1

	Scheduling
	Proportional Fair

	OLLA
	10% BLER target

	Elevation beamforming
	One vertical beam per TXRU electrically down-tilted to 100 degrees

	UE receiver
	MMSE-IRC

	Max HARQ transmissions
	4



	Parameter for LLS
	Value

	Scenario
	Scenario 1
	Scenario 2

	Channel model
	EVA; 300 Hz maximum Doppler frequency
	CDL-B; DS = 100 ns; 
UE speed = 3 km/h

	Allocation size
	50 PRB
	1 PRB

	BS antenna configuration
	8 Tx X-pol with high (0.9) and medium (0.3) spatial correlation and medium (0.3) polarization correlation.
	2 Tx X-pol

	UE antenna configuration
	2 Rx with no correlation between elements
	2 Rx X-pol

	Channel estimation 
	Ideal 
	DMRS-based

	Interference estimation
	No interference
	DMRS-based

	Noise estimation
	Ideal
	Ideal

	Interference
	No interference
	Noise limited scenario: no interference.
Interference limited scenario: 1 interfering BS 
(INR = 10 dB).

	CSI feedback periodicity 
	5 subframes
	No CSI feedback

	CSI feedback delay
	8 subframes
	No CSI feedback

	UE receiver
	MMSE
	MMSE-IRC

	MCS
	QPSK 1/2; 16-QAM 1/2.
	QPSK 1/5; QPSK 1/2; 
16-QAM 1/2; 16-QAM 3/4;
64-QAM 2/3; 64-QAM 5/6;

	Max HARQ transmissions
	0
	0
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