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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 (very) high-mobility scenario with all UEs traveling at 120 kmph has been simulated for a 3D RMa and a 3D UMa 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.   Precoder cycling on a per-subband and per-RB basis are simulated. 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.

Table 1 Summary of the simulations assumptions
	Parameter
	Value

	Scenarios
	3D RMa
	3D UMa

	ISD
	1732 m
	500 m

	Carrier frequency
	2 GHz
	2 GHz

	eNB antenna
	8x2 X-pol array, no virt.
	8x2 X-pole array, 1x2 virt., tilt 122°

	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



The results are presented in Table 2 and Table 3.  First considering the results for 3D UMa in Table 2, one can observe: 
· PUCCH 3-1 (with subband CQI and wideband PMI) has a noticeable mean throughput loss relative to PUCCH 1-1 (with wideband CQI and PMI) at low loads.
· At low load with known cycling, there is 0.7% mean throughput and 8.5% cell edge gain for per-subband cycling, with essentially the same mean throughput and cell edge gains for per-RB cycling.  
· At medium load with known cycling there is slightly more mean throughput gain than low load from known per-RB cycling (3.4% vs. 0.1%) and essentially the same cell edge throughput.
· Per-RB and per-subband cycling have similar gains over PUCCH 1-1.  Note that this may be optimistic with respect to per-RB cycling, since we ignore the demodulation issues of the reduced PRG size.
· Transparent cycling can give cell edge throughput gains close to those of known cycling at higher loads, however it has less gain or a loss in mean throughput relative to PUCCH 1-1.

Table 2 Simulation results for the 3D UMa scenario
	Load region
	Scheme
	Baseline RU
	Served traffic [bps/Hz/cell]
	Mean UPT gain
	Cell-edge UPT gain

	Low load
	PUCCH 1-1
	24%
	0.6104
	----
	----

	
	PUSCH 3-1
	24%
	0.6109
	-3.9%
	1.1%

	
	Per-SB 
OL 1-2
	23%
	0.6087
	0.7%
	8.5%

	
	Per-SB OL transparent
	24%
	0.608
	-1.3%
	2.2%

	
	Per-RB 
OL 1-2
	24%
	0.6083
	0.1%
	6.2%

	
	Per-RB OL transparent
	24%
	0.6056
	-1%
	-0.5%

	Medium load
	PUCCH 1-1
	44%
	0.8133
	----
	----

	
	PUSCH 3-1
	44%
	0.8091
	-0.1%
	0.8%

	
	Per-SB 
OL 1-2
	43%
	0.8092
	-0.1%
	7.3%

	
	Per-SB OL transparent
	44%
	0.8074
	-0.8%
	3.9%

	
	Per-RB 
OL 1-2
	41%
	0.8114
	3.4%
	8.2%

	
	Per-RB OL transparent
	41%
	0.8117
	-3.7%
	7%




Then considering the results for 3D RMa in Table 3, one can observe: 
· PUCCH 3-1 has a noticeable mean throughput loss relative to PUCCH 1-1 at both low and high loads.
· At low load with known cycling, there is almost negligible 0.7% mean throughput and 2.2 % cell edge gain for per-subband cycling, with essentially the same small gain or slight loss in mean throughput and cell edge gains for per-RB cycling.  
· At medium load with known cycling there is slightly more mean throughput gain than low load from per-RB cycling (3.7% vs. 0.1%), however there is a noticeable cell edge throughput gain instead of a small loss (10.4 vs. -1.1%).
· Per-RB and per-subband with known cycling have similar gains over PUCCH 1-1 at low load, but not at medium load.  At medium loads, per-RB somewhat outperforms per-subband, with the mean throughput gains being 3.7% and -3.4%, respectively, while the cell edge throughput gains are 10.4% and -3.5%, respectively.
· Transparent cycling does not provide gains over PUCCH 1-1. 
Table 3 Simulation results for the 3D RMa scenario
	Load region
	Scheme
	Baseline RU
	Served traffic [bps/Hz/cell]
	Mean UPT gain
	Cell-edge UPT gain

	Low load
	PUCCH 1-1
	19%
	0.6095
	----
	----

	
	PUSCH 3-1
	19%
	0.6139
	-3.9%
	-1%

	
	Per-SB 
OL 1-2
	19%
	0.62093
	0.7%
	2.2%

	
	Per-SB OL transparent
	19%
	0.6074
	-1.8%
	-4.8%

	
	Per-RB 
OL 1-2
	19%
	0.6095
	0.4%
	-1.1%

	
	Per-RB OL transparent
	20%
	0.6081
	-4.2%
	-11.1%

	Medium load
	PUCCH 1-1
	56%
	1.0212
	----
	----

	
	PUSCH 3-1
	58%
	1.0156
	-3.5%
	-3.7%

	
	Per-SB 
OL 1-2
	58%
	1.0238
	-3.4%
	-3.5%

	
	Per-SB OL transparent
	57%
	1.017
	-1.5%
	0.4%

	
	Per-RB 
OL 1-2
	55%
	1.0279
	3.7%
	10.4%

	
	Per-RB OL transparent
	57%
	1.0217
	-3.7%
	-6%



Since CSI is substantially less accurate at high UE speeds, the usual OLLA BLER target of 10% may not be suitable.  Simulation results are provided in Table 4 comparing the performance at a higher OLLA BLER target of 25% and 10%.  It can be see that 25% OLLA BLER is a much better operating point for the simulated conditions.  The only case where 25% did not work better was for PUSCH 3-1 at low load, where PUSCH 3-1 does not perform well anyway.  Gains from 25% are particularly large at medium load: in the range of ~20%-70%.
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	Mean UPT
	Cell Edge UPT

	Load region
	Scheme
	25% BLER
	10% BLER
	Gain of 25% / 10% BLER
	25% BLER
	10% BLER
	Gain of 25% / 10% BLER

	Low load
	PUCCH 1-1
	3.0506
	2.9049
	5.0%
	0.7156
	0.6613
	8.2%

	
	PUSCH 3-1
	2.9305
	2.9850
	-1.8%
	0.7232
	0.7059
	2.5%

	
	Per-SB 
OL 1-2
	3.0733
	3.0703
	0.1%
	0.7766
	0.7200
	7.9%

	
	Per-SB OL transparent
	3.0123
	2.9720
	1.4%
	0.7313
	0.6960
	5.1%

	
	Per-RB 
OL 1-2
	3.0526
	2.9698
	2.8%
	0.7599
	0.7037
	8.0%

	
	Per-RB OL transparent
	3.0187
	2.9764
	1.4%
	0.7122
	0.6858
	3.9%

	Medium load
	PUCCH 1-1
	2.1633
	2.1382
	1.2%
	0.3424
	0.2874
	19.1%

	
	PUSCH 3-1
	2.1613
	1.8964
	14.0%
	0.3450
	0.2071
	66.6%

	
	Per-SB 
OL 1-2
	2.1615
	2.1210
	1.9%
	0.3672
	0.2843
	29.1%

	
	Per-SB OL transparent
	2.1467
	2.0387
	5.3%
	0.3558
	0.2695
	32.0%

	
	Per-RB 
OL 1-2
	2.2359
	2.1361
	4.7%
	0.3704
	0.3046
	21.6%

	
	Per-RB OL transparent
	2.2430
	2.0792
	7.9%
	0.3662
	0.2821
	29.8%



The above observations can be summarized:
Observations:
· Subband CQI feedback is generally not a suitable baseline.
· Cycling W2 less than once per subband has about the same performance as cycling once per subband, although this does not consider the impact on DMRS channel estimation with reduced PRG size.
· W2 cycling with known PMI in CQI calculations brings a few percent mean throughput and ~10% or less cell edge gain.
· Gains of semi-open loop transmission over wideband PMI+CQI vary with the channel model and cell load.
· 10% OLLA BLER does not appear to be a suitable operating point at high UE speeds; 25% seems to be a better choice.
· The choice of BLER target can impact diversity performance, and so should be properly selected.
Conclusions
[bookmark: _GoBack]In this contribution, we have discussed (semi-) open-loop schemes for DMRS-based transmission and evaluated their performance in RMa and UMa scenarios. The following observations have been made, leading to the proposals shown.
Observations:
· Subband CQI feedback is not a suitable baseline at low load, but can be a better baseline at higher loads in some conditions.
· Cycling W2 less than once per subband has about the same or worse performance than cycling once per subband, even without considering the impact on DMRS channel estimation with reduced PRG size.
· W2 cycling with known PMI in CQI calculations brings a percent or two mean throughput and ~8% or less cell edge gain.
· Gains of semi-open loop transmission over wideband PMI+CQI vary with the channel model and cell load.
· 10% OLLA BLER does not appear to be a suitable operating point at high UE speeds; 25% seems to be  better choice.
· The choice of BLER target can impact diversity performance, and so should be properly selected.
Proposals:
· Companies provide results justifying their choice of OLLA BLER target for (semi-)open loop simulations with high UE speeds.
· Studies of (semi-)open loop techniques take into account a variety of channel conditions and deployments.
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