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1. Introduction
In the last RAN1 adhoc meeting, several agreements regarding DL OL MIMO schemes were made as followings:
Agreements:
· 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 [3], we discuss the need of semi-OL MIMO and introduce diversity techniques based on beam cycling. In this contribution, we focus on transmission schemes and link level evaluation results for rank 1.
Discussion
Beam cycling based transmission scheme can be designed UE transparently or not. It depends on whether to use an additional precoder such as SFBC precoder on DMRS ports in order to achieve more diversity gain. In general, non-transparent scheme can achieve diversity gain at least as much as transparent scheme. However, there are several issues we need to consider carefully. First of all, non-transparent schemes such as SFBC and RE level co-phase cycling require more DMRS overhead compared to transparent scheme. As a result, it can degrade DMRS channel estimation performance or reduce available REs for data transmission. Secondly, there is possibility to increase diversity gain with transparent scheme. As scheduled RBs increase, the diversity gain of transparent scheme approaches that of non-transparent scheme. Even with small scheduled RB, it is possible to increase diversity by reducing DMRS bundling size at the cost of channel estimation performance [1].
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[bookmark: _GoBack]Figure 1. Link level performance for QPSK
We provide evaluation results on four schemes with rank 1 restriction as follows:
Scheme 1 (transparent with single DMRS port): WB PMI based CL MIMO
Scheme 2 (transparent with single DMRS port): RB level W2 cycling based on WB W1 PMI feedback
Scheme 3 (non-transparent with 2 DMRS ports): SFBC based on WB W1 PMI feedback
In this link level simulation, we assume 8 ports CSIRS, LTE 8Tx precoder are used for precoder cycling and non-ideal channel estimation with DMRS is used. Since PRB bundling is not used in this simulation, RB level W2 cycling is transparently applied for scheme 2 and 3. More detailed evaluation assumptions can be found in Appendix. 
Based on the evaluation results, our observations are as follows:
Observation 1: transparent semi-OL scheme and SFBC achieve similar performance.
Given that transparent semi-OL scheme and SFBC achieve similar performance and transparent scheme both schemes can be considered for DL MIMO but we prefer transparent scheme in terms of simple UE implementation.
Proposal 1: transparent scheme can be considered for rank 1 semi-OL MIMO scheme.
For rank 2 semi-OL MIMO, unlike rank 1 case, transparent scheme and non-transparent scheme have the same DMRS overhead. Given that LD-CDD has been widely used in practice in LTE system, DMRS based LD-CDD can be considered for NR in a straightforward manner or transparent scheme can be considered if its performance is similar with LD-CDD.
Proposal 2: Transparent scheme or LD CDD as non-transparent scheme can be considered for rank 2 semi-OL MIMO scheme.
For higher rank than 2, the motivation for OL MIMO is not clear to us. Above 6GHz and X-pol antenna case, achievable rank is most likely to be up to 2 due to the large path loss of non-LOS channel component. Although rank can be higher than 2 when carrier frequency is below 6GHz, basically, OL-MIMO is mainly used when link adaptation is unstable due to high Doppler. Thus, we don’t see clear motivation to use OL-MIMO for high rank case. 
Proposal 3: Primary design target of (semi-)OL MIMO is for rank 1 and rank 2 transmissions. 

2. Conclusion
In this contribution, we have studied the diversity achieving MIMO techniques and proposed as following:
Proposal 1: Transparent scheme can be considered for rank 1 semi-OL MIMO scheme.
Proposal 2: Transparent scheme or LD CDD as non-transparent scheme can be considered for rank 2 semi-OL MIMO scheme.
Proposal 3: Primary design target of (semi-)OL MIMO is for rank 1 and rank 2 transmissions. 
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Annex : Simulation Parameters and Assumptions
	Parameters
	Value

	System bandwidth
	10MHz (50RBs)

	Antenna configuration
	8 ports TX antennas (cross-polarization)
2 ports Rx antennas (cross-polarization)

	Channel model
	ITU UMa

	UE velocity
	120km/h

	Modulation
	QPSK

	Carrier Frequency 
	2GHz

	Overhead
	PDCCH: 2 symbols per subframe
DMRS: 2 symbols per subframe

	Number of allocated PRBs
	50 PRBs scheduled

	Channel estimation for demodulation 
	Non-ideal

	Channel estimation for CSI estimation
	Ideal

	Receiver
	MMSE-IRC

	Rank adaptation
	Rank 1 fixed
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