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Introduction
DMRS-based (semi-)open-loop transmission is to be considered within the eFD-MIMO work item [1].  At the RAN#71 plenary meeting the following has been agreed upon:
· Evaluate and, if needed, specify enhancement to support DMRS-based open-loop transmission with the existing numbers of CSI-RS ports as well as the newly supported number of CSI-RS ports.
In this contribution, we discuss and evaluate the potential gains from some variants of the DMRS-based (semi-)open-loop transmission scheme.
[bookmark: _Ref426729914]Open-loop operation
As was proposed in [2], the (semi-)open-loop schemes considered for eFD-MIMO item are defined as those that are able to report CQI and RI but, at the same time, are not able to report some of the components of the Rel-13 PMI feedback.
A typical operation scenario providing gains for such schemes is claimed to be a deployment with high-mobility UEs. Due to high speeds (as proposed, up to 120 kmph) the PMI becomes inaccurate since the receiver is unable to track the quick channel-state variations. A potential way of combating this issue is, thus, thought to be sweeping beams over many pointing directions over the subbands/RBs to make the channel appear ergodic. Such operation could require new, open-loop, CSI feedback schemes to be supported by the standard.
An open-loop transmission mode designates the sweeping/randomization of the PMI feedback associated with the precoder matrix  on a subband or RB basis. The latter is typically factorized as

where  is a long-term wideband DFT precoder and  is a short-term polarization co-phasing matrix. In light of this, a semi-open-loop transmission scheme is defined in [3] as a scheme where the PMI feedback associated with   is reported, while  is swept over across subbands/RBs. In this way, the feedback is limited to the traceable long-term channel statistics, while the energy is not spread all over, but instead concentrated near, the desired transmission direction.
Simulation results
A high-mobility scenario of UEs traveling at 120 kmph has been simulated for a 3D RMa scenario with the simulation parameters presented in Table 1. Two semi-open-loop schemes have been tested to investigate the potential gains. Rel-10 closed-loop reporting modes PUSCH 3-1 and PUCCH 1-1 have been chosen as  baselines for the comparison. As semi-open-loop schemes we have chosen the scheme with randomized PMI feedback for   (‘OL 1-2’) where the UE is aware of which  is used in CQI calculations, and a standard-transparent scheme (‘OL Transparent’) where the randomized co-phasing is performed at the eNB and the UE is unaware of the  used by eNB. The results are presented in Table 2 and Table 3, and they lead to the following observations.
Table 1 Summary of the simulations assumptions
	Parameter
	Value

	Scenarios
	3D RMa

	ISD
	1732 m

	Carrier frequency
	4 GHz

	eNB antenna
	8x2 X-pol array, no virt.

	Traffic model
	FTP model 1, 100kB packets

	UE speed
	120 kmph

	UE distribution
	Random uniform, 100% UEs outdoor in vehicles

	Codebook
	32-port GOB-based; Config-2-type setup

	Receiver
	Imperfect channel estimation and modeling, LMMSE-IRC

	Precoder cycling base
	Per subband or RB

	Baseline
	PUSCH 3-1 and PUCCH 1-1



Observation 1:
· For the DMRS-based transmission in a high-mobility scenario, randomization of the PMIs related to  does not provide any gains, which instead come from utilization of wideband CQI and wideband PMI .
Observation 2:
· A transparent semi-open-loop scheme shows only marginal loss as compared to its non-transparent alternative.
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	Load region
	Scheme
	Baseline RU
	Served traffic [bps/Hz/cell]
	Mean thrpt gain
	Cell-edge thrpt gain

	Low load
	PUCCH 1-1
	21%
	0.6205
	----
	----

	
	PUSCH 3-1
	22%
	0.6105
	-4.2%
	-2.9%

	
	OL 1-2
	21%
	0.6206
	0.03%
	-0.7%

	
	OL transparent
	21%
	0.6191
	-0.74%
	-1%

	Medium load
	PUCCH 1-1
	37%
	0.8248
	----
	----

	
	PUSCH 3-1
	43%
	0.8144
	-8.8%
	-25%

	
	OL 1-2
	42%
	0.8245
	-6.8%
	-15%

	
	OL transparent
	40%
	0.823
	-3.4%
	-13%



The above results were simulated for the per-subband PMI reporting. Simulation results for the per-RB PMI cycling are below. The latter represents an idealized situation where the processing gain is assumed to not be corrupted by the demodulation issues related to reduced (to a single RB) PRG size.
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	Load region
	Scheme
	Baseline RU
	Served traffic [bps/Hz/cell]
	Mean thrpt gain
	Cell-edge thrpt gain

	Low load
	PUCCH 1-1
	22%
	0.62
	----
	----

	
	PUSCH 3-1
	22%
	0.6166
	2.9%
	-0.6%

	
	OL 1-2
	21%
	0.621
	2%
	6.9%

	
	OL transparent
	22%
	0.6176
	1.4%
	1.6%

	Medium load
	PUCCH 1-1
	39%
	0.822
	----
	----

	
	PUSCH 3-1
	43%
	0.8193
	-2.5%
	-21%

	
	OL 1-2
	39%
	0.8228
	-0.6%
	-3%

	
	OL transparent
	42%
	0.8197
	-5.7%
	-22%



As seen from the tables, even in the idealized case, ignoring the demodulation issues of the reduced PRG, reduction of the precoding cycling interval does not help: the gains remain marginal (if present at all). Therefore,
Observation 3:
· Reduction of the precoder cycling periodicity does not yield performance gains for semi-open-loop schemes.
Conclusions
In this contribution, we have discussed the open-loop schemes for DMRS-based transmission and evaluated their performance in a typical scenario. The following observations have been made:
Observation 1:
· For the DMRS-base transmission in a high-mobility scenario, randomization of the PMIs related to  does not provide any gains, which instead come from utilization of wideband CQI and wideband PMI .
Observation 2:
· A transparent semi-open-loop scheme shows only marginal loss as compared to its non-transparent alternative.
Observation 3:
· Reduction of the precoder cycling periodicity does not yield performance gains for semi-open-loop schemes.
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