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1. Introduction

As one of objectives of EBF/FD MIMO WI [1], RAN1 will discuss how to support beamformed CSI-RS based 3D MIMO transmission schemes in Rel 13. Many beamformed CSI-RS based schemes as well as specification enhancement issues have been summarized in [2]. In this contribution, we will provide our understanding on the possible schemes and related specification enhancement.

2. Discussion of Beamformed CSI-RS schemes for FDD

The major benefit of beamformed CSI-RS based scheme, compared  to non-precoded CSI-RS  MIMO schemes, is the efficiency of NZP CSI-RS and feedback resource utilization by taking into account different channel characteristics of spatial domains, thus being able to support large 2D  array, such us , , , . This benefit is obtained based on the channel virtualization operation, which transforms an initial high-dimensional propagation channel into some low-dimensional ones by performing beamforming on CSI-RS resource whose definition is subject to further discussion.  

One critical question is that which kind of channel virtualization is really needed in beamformed CSI-RS. We can consider beamformed CSI-RS with vertical precoding and channel virtualization will include horizontal and polarized channels. However such a scheme may be conservative. Suppose there are  active UEs with different vertical beam directions. Vertical beamforming on CSI-RS can be UE-specific or cell-specific. For UE-specific case, the required RE number used for beamformed CSI-RS is , which would approach or be even larger than the CSI-RS overhead required by non-precoded CSI-RS. For cell-specific case, to obtain an attractive beamforming gain, the required number of vertical beamformer should be relatively large, for example 2 times the number of vertical TXRU. It leads to a large overhead for CSI-RS and feedback. Consequently, such a beamforming processing on CSI-RS may become less competitive in some deployment scenarios. Therefore, for beamformed CSI-RS schemes, we need a more radical way to perform the channel visualization, for example using joint vertical and horizontal beamformer (i.e. 3D channel virtualization) with two virtualized channels representing two polarizations. 

There are in general three ways to access the beam direction information of active UEs for eNB: 
(1) by using long term reciprocity; 
(2) by using existing CSI-RSRP feedback based on DRS; 
(3) by hybrid operation with UE feedback from full channel measurement. 

Obviously, the last option, i.e., the hybrid approach, is the most reliable way to provide the necessary beam direction information required by 3D channel virtualization. However, since the non-precoded CSI-RS with full port mapping is only transmitted, measured and fed back with a large periodicity for hybrid beamformed CSI-RS scheme, it may be difficult to acquire satisfying beam direction information from UE’s feedback. Therefore, to get a robust performance, eNB should use multiple beams to construct beamformed CSI-RS. In other words, it is necessary for UE to feedback the index of beam group based on the measurement of full channel in hybrid approach.  The most favorite beam direction and other CSI information within such a specific beam group is subject to further short-term beam selection and refinement by UE measurement. To summarize, we have the following observation based on above discussion:

Observation 1: For beamformed CSI-RS based scheme:
· The 3D channel virtualization for beamformed CSI-RS should be considered. 
· The hybrid operation is preferred to determine the beam direction. 
· Multiple beams should be used in beamformed CSI-RS to ensure a robust performance.

Note that although the hybrid approach is preferred for FDD, above observations are applicable for other beamformed CSI-RS schemes, such as schemes based on long term channel reciprocity. 

Considerations for CSI-RS Enhancement and CSI Reporting

Here we will discuss possible CSI-RS enhancement and CSI-reporting strategy to support hybrid beamformed CSI-RS scheme. 

As mentioned above, eNB should provide multiple beams for beamformed CSI-RS to ensure a robust performance. UE should select its favorite beam(s) to report corresponding co-phasing information as well as CQI/RI. Multiple beamformed CSI-RS resources, each corresponding to a specific beam direction, should be linked to certain type of resources, such as CSI-RS processes, NZP CSI-RS resources or CSI-RS ports. The number of these resources as well as the number of ports/REs per resource is related to the number of beams and necessary channel virtualization, which will eventually determine the method of CSI reporting for beamformed CSI-RS schemes,  e.g.  dynamic beam selection.

Observation 2: Beamformed CSI-RS resources, each of which corresponds to a specific beam direction, should be linked to a new or existing RS resource, such as CSI-RS ports, NZP CSI-RS resources or CSI-RS processes.

There are two steps for CSI-RS transmission in hybrid approach. In the first step, non-precoded CSI-RS with full port mapping is transmitted by an eNB and then a UE reports the beam direction information accordingly based on predefined codebook in a long term. Therefore the UE should report the index of beam group in the first step. The UE could simply report a W1 feedback according to existing codebook based on full channel measurement if feasible. Since full 3D codebook is not defined for more than 16 TXRU in Rel 13, UE cannot directly use explicit W1 feedback for FD-MIMO. But the UE still can report a rough beam direction by using existing codebook to measure vertical and horizontal CSI independently and reconstructing the channel with Kronecker operation. 

In the second step, eNB will transmit beamformed CSI-RS based on the UE feedback in the previous step. The way to perform such feedback is to reduce the overhead of CSI-RS resource and CSI reporting due to full 3D quantization and support FD-MIMO with 64 or more TXRU. In the second step, CSI-RS resources are precoded by multiple beams, for example four beams in W1.  Finally, the UE should perform the beam selection and feedback the beam index (BI) and corresponding co-phasing for given beam as well as CQI/ RI. Our understanding is that UE can in general borrow existing W2-type feedback to report both BI(s) and co-phasing(s) according to different ranks. W2 codebook and related PMI definition may be reused to report the CSI for beamformed CSI-RS. Of cause some new measurement behaviors for the UE may need to be specified. Details of CSI reporting shall be discussed thereafter once CSI-RS resources and channel measurement enhancement for beamformed CSI-RS schemes are clarified by RAN1. 

Observation 3: There is a certain similarity between existing W1/W2 feedback mechanism and CSI reporting intended for hybrid beamformed CSI-RS scheme.

3. Discussion of Beamformed CSI-RS for TDD

Due to instantaneous channel reciprocity, beamformed CSI-RS schemes are more applicable in TDD than in FDD. The robustness of beam selection can be much better than FDD. The PMI disabled CSI reporting for TDD can be reused in beamformed CSI-RS.  In addition, the quality of CQI feedback can be improved by using beamformed CSI-RS since UE does not need to estimate the CQI with unrealistic assumption of transmission scheme used by eNB. 


Table 1.  Non-full Buffer Performance of beamformed CSI-RS with Cat2 schemes
	Scenario
	Antenna Configuration
(M,N,P,Q)
	RU & Performance

	
	
	Resulting RU
	5%
	50%
	Mean

	3D-UMi, 200m/2GHz
	3D-UMi, 200m/2GHz
(8,4,2,8)
	25%
	8.05
(100%)
	20.01
(100%)
	22.67
(100%)

	
	3D-UMi, 200m/2GHz
(8,4,2,64)
	19.4%
	16.02
(198.76%)
	26.67
(133.35%)
	33.2
(146.45%)




Some simulation results for beamformed CSI-RS based scheme for TDD are provided here. The simulation assumption is given in Annex. In general, beamformed CSI-RS for TDD is only used to get more accurate CQI estimation by taking into account beamforming gain and does not necessarily require specification change. The simulation results show a remarkable performance gain provided by TDD based scheme with beamformed CSI-RS.




4. Conclusions

In this contribution, our understanding on the possible schemes and related specification enhancement for beamformed CSI-RS is provided. In particular, for FDD, we have following observations:

Observation 1: For beamformed CSI-RS based scheme:
· The 3D channel virtualization for beamformed CSI-RS should be considered. 
· The hybrid operation is preferred to determine the beam direction. 
· Multiple beams should be used in beamformed CSI-RS to ensure a robust performance.

Observation 2: Beamformed CSI-RS resources, each of which corresponds to a specific beam direction, should be linked to a new or existing RS resource, such as CSI-RS ports, NZP CSI-RS resources or CSI-RS processes.
.
Observation 3: There is a certain similarity between existing W1/W2 feedback mechanism and CSI reporting intended for hybrid beamformed CSI-RS scheme.
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Annex

	Parameter
	Value

	Homogeneous scenarios
	3D-UMi with ISD = 200m in 2GHz, 41 dBm

	Polarized antenna modeling
	Model -2 from 36.873

	Duplex
	TDD

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU*, medium ~50% RU, high ~70%RU)

	Wrapping method
	Geographical distance based

	Handover margin
	3dB

	Metrics
	Mean, 5%, 50% UPT

	System bandwidth
	20MHz

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

	Network synchronization 
	Synchronized

	UE Speed 
	3km/h

	UE distribution 
	According to 36.873

	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 
	Ideal channel estimation and interference modeling

	
	LMMSE-IRC receiver

	UE Rx configuration
	2 Rx x-polar (+90/0)

	Feedback 
	PUSCH 3-0 for reciprocity based operation

	
	CQI and RI reporting triggered per 5ms 

	
	CQI Feedback delay is 5 ms and ideal channel estimation at the eNB 

	Transmission scheme
	TDD, 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








