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1. Introduction
In RAN1 #89 2017 [1], the following agreement was made on transmission scheme for open-loop and semi-open-loop operations:
	Agreements:
· For NR in Rel-15, DL transmission scheme 2 is not explicitly supported for unicast PDSCH in specification 
· Note: CSI feedback assuming open-loop/semi-open-loop and/or closed-loop transmissions is to be discussed separately



In this contribution, we share our view on the details of CSI feedback for open-loop and semi-open-loop.
2. Discussion
[bookmark: _GoBack]In previous meeting it was agreed that NR supports single downlink transmission scheme with transparent precoding from the UE perspective. For this transmission scheme same precoding matrix is applied for DMRS antenna ports and data spatial layers. It is well-known that the performance of such transmission scheme strongly depends on the accuracy of MIMO channel knowledge at the gNB transmitter. In some cases spatial channel state information may be not reliable or available at the gNB transmitter. In this case gNB should apply precoding cycling to achieve better spatial coverage and additional transmit diversity gain.
One of the important aspect of the precoding cycling transmission scheme is selection of the precoder set for the cycling. In this contribution, 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. 

[image: ][image: ]
[bookmark: _Ref485047888]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.  Note that that beam broadening can be also supported by precoding of CSI-RS by the beam broadening function in transparent to the UE manner. 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. 
Alternative approach to achieve beam broadening is to use subset of CSI-RS antenna ports for beamforming. To assist such precoding on the subset of antenna ports, the periodic CSI reporting can be configured with subset of CSI-RS antenna ports comparing to CSI-RS resource configuration for aperiodic CSI reporting. The concept is illustrated in Figure 3, where aperiodic CSI is configured with (4,4) antenna port layout with 32 CSI-RS antenna ports, while periodic CSI is configured with (4,1) antenna port layout with 8 antenna ports. With this approach the PMI received from periodic CSI can be used for assist wide beam beamforming, while the PMI received aperiodic CSI can be used to assist narrow beam beamforming. With this approach the number of reported PMI information on PUCCH can be also reduced, which is in line with the design principles of periodic CSI feedback. It is worth noting that configurability of number of port is agreed in NR.

[image: ]
Figure 3: Configuration of different number of antenna ports for periodic and aperiodic CSI reporting
Proposal:
· NR should support beam broadening function to improve the performance in high mobility scenarios. 
· Three options for beam broadening can be considered:
· Beam broadening  function in the codebook
· Precoding of CSI-RS using beam broadening function
· Periodic CSI reporting using subset of CSI-RS antenna port 

3. Conclusion
In this contribution, we have discussed CSI enhancement to support open-loop or semi-open-loop transmission for NR. Based on the above discussion and evaluation results following proposal was made.
Proposal:
· NR should support beam broadening function to improve the performance in high mobility scenarios. 
· Three options for beam broadening can be considered:
· Beam broadening  function in the codebook
· Precoding of CSI-RS using beam broadening function
· Periodic CSI reporting using subset of CSI-RS antenna port  
· NR supports separate encoding of {RI} and {PMI, CQI} for UCI transmission using both PUSCH and PUCCH.
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Appendix
	Parameter for LLS
	Value

	Channel model
	EVA; 300 Hz maximum Doppler frequency

	Allocation size
	50 PRB

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

	UE antenna configuration
	2 Rx with no correlation between elements

	Channel estimation 
	Ideal 

	Interference estimation
	No interference

	Noise estimation
	Ideal

	Interference
	No interference

	CSI feedback periodicity 
	5 subframes

	CSI feedback delay
	8 subframes

	UE receiver
	MMSE

	MCS
	QPSK 1/2; 16 QAM 1/2; 64 QAM 1/2.

	Max HARQ transmissions
	0
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