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1. Introduction
In RAN#65, a new MIMO SID [1] is approved. Elevation Beamforming (E-BF) and Full Dimension (FD) MIMO are two promising technologies for meeting the future spectrum efficiency demands.  In [2], we discuss potential enhancements targeting 2D antenna array for E-BF/FD-MIMO. In [5], tremendous gain is observed from 2D antenna array system with up to 64TXRUs using channel covariance feedback scheme.  However, overhead on CSI feedback and reference signal for channel measurement are issues to the system design.  Among the potential enhancements discussed in [2], aperiodic CSI-RS and precoded/beamformed RS are the candidates to reduce CSI-RS overhead. Similar proposals on precoded CSI-RS[3][4] have been made in RAN1#79.  In this contribution we further discuss about the aperiodic CSI-RS and beamformed CS-RS schemes.
2. Potential Enhancements on CSI-RS
2.1 Beamformed CSI-RS
In Category 2 of the baseline cases, CSI-RS is virtualized with elevation beams.  In [6], we evaluate the performance of different number of beams to pick up the baseline cases for each antenna configuration.  Here we compare the performance with and without considering CSI-RS overhead.
       Table 1. Performance of beamformed CSI-RS with FTP 0.5MBytes, λ=5, offered load=20Mbps
	Scenario/
Offered Load
	Antenna Configurations
(M,N,P,Q)
	CSI-RS overhead
	Resource Utilization
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	3D-UMi with Offered Load=20Mbps
(λ=5)
	(8,4,2,32) with
4 DFT Beams
	No
	0.638
	26.50
	4.69
	23.26

	
	
	Yes
	0.697
	23.71(-10.5%)
	3.66(-22%)
	20.30(12.7%)

	
	(8,4,2,32) with
8 DFT Beams
	No
	0.623
	27.02
	4.98
	23.95

	
	
	Yes
	0.743
	21.02(-22.2%)
	2.92(-41.4%)
	17.62(-26.4%)

	
	(8,4,2,64) with
4 DFT Beams
	No
	0.658
	25.48
	4.14
	22.1

	
	
	Yes
	0.716
	22.69 (-10.9%)
	3.14(-24.2%)
	19.14(-13.4%)

	
	(8,4,2,64) with
8 DFT Beams
	No
	0.617
	27.13
	4.90
	24.39

	
	
	Yes
	0.734
	21.28(-21.6%)
	2.78(-43.3%)
	18.02(-26.1%)


Without considering CSI-RS overhead, 8 beams gives better performance.  On the contrary, 4 beams gives better performance when CSI-RS overhead is considered.  Since different UEs need different beamformed CSI-RS, the overhead increases significantly with number of beams.  If we assume the UEs are able to measure CSI from the selected beamformed CSI-RS immediately after the beam selection,  periodic beamformed CSI-RS needs to be ready at any time for all beams.  Otherwise, extra delay would happen for CSI-RS configuration.  If periodic CSI-RS with 5ms periodicity is configured for each beam, it consumes more than 10% overhead of the total resources.   It is observed that the performance degradation is more significant than just the 10% overhead.  First, it takes more resources i.e. longer time  to finish one packet transmission if overhead is taken into account.   Note that the RU is higher if overhead is taken into account.  In addition,  transmission using more resources also mean more interference.  This degrades the performance especially for the cell edge UEs.    Therefore, reducing CSI-RS overhead is critical to realize the gain of beamformed CSI-RS.
2.2  Aperiodic CSI-RS
Although UE specific CSI-RS configuration signaling is supported in LTE-A specification, CSI-RS resource is often considered to be cell/TP-specific.  For shared CSI-RS, the power, frequency density/location, port number and period should satisfy the maximum requirement of a large number of UEs which share the CSI-RS resource. Since CSI-RS is semi-statically configured and periodically transmitted, it may potentially cause resource waste if the current CSI-RS resource is used in UE or UE-group specific manner.  More importantly, shared CSI-RS means the same port virtualization method should be adopted for each UE, it strongly limits the CSI measurement flexibility and hence eNodeB cannot support adaptive transmission very well.  For the proposal like beamformed CSI-RS, it is hard to share beamformed CSI-RS for many UEs especially for the case of large number of beams. 
Aperiodic CSI-RS is a candidate for overhead reduction which should be studied in Rel-13 in order to achieve flexible UE or UE group specific virtualization.  Since it is generated only when needed, overhead can be reduced.  The time/Frequency density/location, port number, transmission power of aperiodic CSI-RS can be configured more flexibly than current periodic CSI-RS.  As shown in figure 1, eNodeB can allocate RS resource in terms of port, RB and TTI which can be different for different UEs.     This means the density of CSI-RS seen by different UE can be different.  Different aperiodic beamformed CSI-RS can be triggered for different UE.  Therefore, the eNodeB can configure proper CSI-RS for each UE according to its requirements e.g. CSI accuracy, overhead and virtualization.


                                           Figure 1 Configuration of aperiodic CSI-RS in different domains
If aperiodic CSI-RS is supported,  beamformed CSI-RS can be immediately triggered and transmitted after the beam selection.  Therefore, it doesn't require transmission of periodic beamformed CSI-RS for all the beams.  Figure 2 below shows the CDF of total number of beams required by all the active UEs in a cell simultaneously.   It can be observed that total number of beams is often much less than the maximum number of beams.  In most of the cases, only one beam is needed.  Therefore, only one beamformed CSI-RS is actually needed.  With aperiodic CSI-RS, significant amount of CSI-RS overhead can be saved if the beamformed CSI-RS is triggered dynamically.
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Figure 2  CDF of total number of active beams required by all the active UEs per cell per subframe for 4 beams case (Left) and 8 beams case (Right) for antenna configuration (M,N,P,Q)=(8,4,2,32) in 3D-UMi in high load case
Table 2. Performance of beamformed CSI-RS with FTP 0.5MBytes, λ=5, offered load=20Mbps
	Scenario/
Offered Load
	Antenna Configurations
(M,N,P,Q)
	CSI-RS overhead assumption
	Resource Utilization
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	3D-UMi with Offered Load=20Mbps
(λ=5)
	(8,4,2,32) with
4 DFT Beams
	4 CSI-RS
	0.697
	23.71 
	3.66
	20.30

	
	
	2 CSI-RS
	0.666
	25.01 
(+5.5%)
	4.12 (+12.6%)
	21.62
(+6.5%)

	
	(8,4,2,32) with
8 DFT Beams
	8 CSI-RS
	0.743
	21.02
	2.92
	17.62

	
	
	2 CSI-RS
	0.650
	25.57
(+21.6%)
	4.48
(+53.4%)
	22.47
(+27.5%)


From the CDF in figure 2, two CSI-RS resources are sufficient in most of the cases if aperiodic CSI-RS is uspported.  In table 2, we compare the case of having always two simultaneously configured CSI-RS resource to the case where CSI-RS is configured for each beam.  i.e. number of CSI-RS resources is equal to number of beams.    Tremendous gain can be observed if number of simultaneously configured CSI-RS resources is limited to two.   It can be further observed that 8 DFT beams outperforms 4 DFT beams in such case.  This can be achieved by flexible CSI-RS transmission scheme like aperiodic CSI-RS.  
Number of ports can be flexibly configured for aperiodic CSI-RS.  Therefore, virtualization mapping to the CSI-RS ports can also be done more dynamically and more specifically for one UE or a group of UEs.  Multiple CSI processes framework can be used so that the UE can measure multiple aperiodic CSI-RS resources and legacy periodic CSI-RS resources at the same time.   
In addition, precoded RS is an important method for reducing CSI-RS port number and feedback dimension as we point out in [2]. Separate elevation/azimuth CSI-RS/feedback can also be easily supported if precoded CSI-RS is introduced.  In addition we can utilize precoded RS for higher CQI accuracy especially for TDD system.
Aperiodic CSI-RS/Precoded CSI-RS can work well together with current CSI-RS as well:
· Aperiodic CSI-RS can be used to extend the current 8-port CSI-RS to more than 8 ports.
· The current periodic CSI-RS can be used to decide how precoding is done on aperiodic precoded CSI-RS.
3. Conclusion
In this contribution,  scheme using beamformed CSI-RS is discussed and evaluated.  Potential gain is observed but CSI-RS overhead needs to be reduced in order to exploit the gain.  Aperiodic CSI-RS is an effective method to reduce the CSI-RS overhead which should be considered as one of the CSI-RS enhancements in Rel-13.
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Appendix A
Table A.1 Simulation parameters for Macro cell Scenario
	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, geographical based wrap‑around

	Channel Model
	3D UMi ISD 200

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	3D UMI ISD 200: 41 dbm

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: Config0~Config6 [see table 1]
Receiver: 2Rx cross-polarized antenna at UE

	Downtilt 
	θetilt = 100 deg

	Antenna element spacing
	(dV,dH)=( 0.8λ, 0.5λ,)

	Element Number of each port
	[see table 1]

	CQI/PMI reporting interval and frequency granularity
	5ms for CSI, 6RB

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2, 
ideal channel covariance R

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC 
With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 
(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	4

	Traffic model
	Full buffer model/FTP 1 with 0.5MByte file size

	Feedback Assumption
	Non-ideal modeling of channel estimation error modeling 

is used, 
 based on DMRS for data demodulation, based on IMR for interference measurement

	Transmission scheme
	SU/MU dynamic switching

	Wrapping method 
	Geographical distance based
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