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1. Introduction
In this contribution we study potential enhancements for beamformed CSI-RS based schemes. We provide simulation results for cell-specific beamformed CSI-RS based schemes and identify scenarios with potential gains over a baseline scheme. 
2. Beamformed CSI-RS based enhancements
The beamformed CSI-RS based schemes can be categorized into two broad categories – a) cell-specific beamformed CSI-RS based schemes as shown in Figure 1and b) UE specific beamformed CSI-RS based schemes as shown in Figure 2.
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Figure 1: Illustration of cell-specific beamformed CSI-RS based schemes. 4 CSI-RS resources are used in a single cell that are associated with different elevation angles. Each elevation beam is associated with 8 azimuth ports. UE-1 and UE-2 selects the best elevation beam at a fast time-scale. The elevation beams are assumed to change at a slower time-scale.  
Cell-specific beams: In the cell-specfic CSI-RS based schemes, from the eNB point of view multiple CSI-RS resources are used in the cell – each CSI-RS is associated with a particular beam in the elevation domain. Each UE is configured with multiple CSI-RS resources and the UE provides beam-selection feedback in addition to PMI/RI/CQI feedback for the azimuth adaptation. It is typical to have the beamforming for the CSI-RS to be semi-static in nature with a much larger time-scale than the beam-selection or CQI/PMI/RI feedback periodicity.The measurement and feedback of a beam-selection entity is the main standardization impact here. The time-scale of measurement and feedback of beam-selection needs further investigation. In general the beams associated with different CSI-RS resources need not be in elevation and each beam could be associated with simply 1 port – in such a case PMI/RI feedback is not relevant. This variation of cell specific CSI-RS based schemes is further studied in a companion contribution [TDD contribution]. 
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Figure 2: Illustration of UE specific beamformed CSI-RS based schemes. 2 beamformed CSI-RS resources are associated with UE-1 and UE-2 respectively. Each beamformed CSI-RS resource is associated with 2 ports. The beamforming for the CSI-RS resources are allowed to change at a fast time-scale.
UE specific beams: In UE specific beamformed CSI-RS based schemes a CSI-RS beam is tailored towards a particular UE. The beamforming for CSI-RS is naturally in 2D and typically a beamformed CSI-RS resource comprises of 1-2 ports according to the maximum number of layers that is intended to be scheduled to a particular UE. The UE is expected to provide CQI, RI feedback and port selection/co-phasing feedback – an objective here is to reflect the beamforming and receiver processing gains into the CQI. The challenge here is to control the system wide CSI-RS overhead and also to allow dynamic changes to the beamforming of CSI-RS. In this case, the specification impact mainly comprises of optimizations targeted to CSI reporting, measurement of CSI and CSI-RS overhead control. UE specific beamformed CSI-RS based schemes are mainly relevant for systems utilizing reciprocity for beamforming the CSI-RS and are further evaluated in a companion contribution [TDD contribution].
3. Simulation Results
In this section we provide simulation results evaluating cell-specific beamformed CSI-RS based schemes and comparing with a baseline scheme. In 3D-UMa-200m and 3D-UMi-2GHz scenario the best performing baseline scheme is vertical sectorization with the same cell-id (VS) which belongs to category-2 of implementation-based schemes. In the case of 3D-UMa-500m the best performing baseline scheme is identified as simply the phase-1 scheme. It was observed that under the given constraints virtual sectorization is not easily suitable in 3D-UMa-500m scenario using (8,X,2) sub-array configuration. Using simple RF weights such as array response vectors pointing at two directions in elevation are not providing sufficient gains, and more involved weight design or other techniques need further study.
The VS performance depend on the beams chosen and in the following 2 vertical sectors are formed with array response vectors (corresponding to a sub-array) pointed at 2 vertical directions (tilt: 850, 1130 in UMa-200m, 740, 1020 for 3D-UMi-2GHz). MU-MIMO is enabled within each vertical sector and no scheduling coordination is assumed across vertical sectors.
In the beam-selection enhancement scheme 4 cell-specific beams are formed in elevation, each beam comprising of 8 azimuth ports. This corresponds to 2x oversampling of the 2 vertical TXRUs associated with a (8,4,2,16) configuration. A UE is assumed to feedback a beam selection index in addition to a Rel-10 CQI/PMI/RI feedback for the selected beam.
3D-UMa-500m, (M,N,P,Q) = (8,4,2,16):
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Figure 3: 3D-UMa-500m, (8,4,2), the gain in mean UPT is 2.44%, 5.36% and 8.84% corresponding to 20%, 50% and 70% RU of the baseline phase-1.
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Figure 4: 3D-UMa-500m, (8,4,2), the gain in 5%-tile UPT is 16.31%, 13.44% and 17.43% corresponding to 20%, 50% and 70% RU of the baseline phase-1.
3D-UMa-200m, (M,N,P,Q) = (8,4,2,16):
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Figure 5: 3D-UMa-500m, (8,4,2), the gain in mean UPT is 5.67%, -1.33% and -20.94% corresponding to 20%, 50% and 70% RU of the baseline VS.
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Figure 6: 3D-UMa-200m, (8,4,2), the gain in 5%-tile UPT is -14.53%, -32.87% and -43.40% corresponding to 20%, 50% and 70% RU of the baseline VS.
3D-UMi-2GHz, (M,N,P,Q) = (8,4,2,16):
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Figure 7: 3D-UMi-2GHz, (8,4,2), the gain in mean UPT is -1.46%, -17.49% and -34.36% corresponding to 20%, 50% and 70% RU of the baseline VS.
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Figure 8: 3D-UMi-2GHz, (8,4,2), the gain in 5%-tile UPT is -9.80%, -31.58% and -42.59% corresponding to 20%, 50% and 70% RU of the baseline VS.
The percentage gains observed in the simulation results are summarized in Table 1. Based on this we observe that cell-specific beamformed CSI-RS based schemes can provide gains in certain scenarios. These scenarios seem to be the cases where VS gains are not substantial. 3D-UMa-500m is one such scenario where beam-selection can provide gains. Further potential gains can be obtained with (8,2,2) configuration in other scenarios such as 3D-UMa-200m.
Table 1: Summary of % gains in different scenarios, P1: phase-1, VS: vertical sectorization with same cell-id (category 2), BS: beam selection enhancement scheme
	
	RU
	3D-UMa-500m
	3D-UMa-200m
	3D-UMi-2GHz

	
	
	(8,4,2) 
	(8,4,2) 
	(8,4,2) 

	
	
	μ 
	5% 
	μ 
	5% 
	μ 
	5% 

	P1 

Q=8 
	20% 
	0 
	0 
	
	
	
	

	
	50% 
	0 
	0 
	
	
	
	

	
	70% 
	0 
	0 
	
	
	
	

	VS 

Q=16 
	20% 
	NA 
	NA 
	0 
	0 
	0 
	0 

	
	50% 
	
	
	0 
	0 
	0 
	0 

	
	70% 
	
	
	0 
	0 
	0 
	0 

	BS 

Q=16 
	20% 
	2.44 
	16.31 
	5.67 
	-14.53 
	-1.46 
	-9.8 

	
	50% 
	5.36 
	13.44 
	-1.33 
	-32.87 
	-17.49 
	-31.58 

	
	70% 
	8.84 
	17.43 
	-20.94 
	-43.40 
	-34.36 
	-42.59 


4. Conclusion
In this paper we studied beamformed CSI-RS based schemes and presented simulation results for cell-specific beamformed CSI-RS based schemes with antenna configuration (8,4,2,16). We observed that:

Cell-specific beamformed CSI-RS based schemes can provide gains in certain scenarios. These scenarios seem to be the cases where VS (baseline) gains are not substantial. 3D-UMa-500m is one such scenario where beam-selection can provide gains. Further, potential gains can be obtained with (8,2,2) configuration in other scenarios such as 3D-UMa-200m.
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Appendix
Table 2: Simulation assumptions

	Parameters
	Values

	Tx power
	46dBm for 3D-UMa 500m, 41dBm for 3D-UMa 200m, 3D-UMi 200m

	Polarized antenna modeling
	Model -2 from 36.873 [1]

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes 

	Wrapping method
	Geographical distance based

	Metrics
	Mean, 5% UPT

	System bandwidth
	10MHz (50 PRBs)

	UE attachment 
	Based on RSRP (formula) from CRS port 0

	Network synchronization 
	Synchronized

	UE Speed 
	3km/h

	UE distribution 
	according to 36.873 [3]

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	UE Rx antenna configuration
	2 Rx cross-polarized (0/+90)

	Feedback 
	PUSCH 3-2

	
	CQI, PMI and RI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	Transmission scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation

	Overhead 
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)


