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1. Introduction
In RAN#68, the WID [1] on EBF/FD-MIMO has been approved for specifying the identified enhancements captured in TR [2] of the study item.  The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNodeBs.  One of the objectives is to specify enhancements on CSI-RS: 
· Specify enhancements on reference signal in the following areas [RAN1]

·  Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping
·  Beamformed CSI-RS

There are two types of CSI-RS namely non-precoded CSI-RS and beamformed CSI-RS.  In this contribution, discussion focus on the Specification Impacts of Beamformed CSI-RS Configuration
2. Techniques of beamformed CSI-RS based CSI feedback 
In the Study Item on EBF/FD-MIMO, companies investigated and discussed about various beamformed CSI-RS based CSI feedback and measurement.   For beamformed CSI-RS based feedback, there are usually two stages of CSI acquisition.  In the first stage, the partial channel information can be obtained by channel reciprocity (for both FDD and TDD) or CSI-RSRP feedback based DRS or non-precoded CSI-RS (hybrid case).  By using the partial channel information acquired at the eNB, one or more sets of virtualization weights can be obtained to generate one more sets of beamformed CSI-RS.   In the second stage, the UE measures beamformed CSI-RS, selects beams or combination of beams and feeds back the rest of CSI information (RI/PMI/CQI).    The eNB is then able to obtain the full channel information based two stages of CSI acquisition.    The division of these two stages can be based on the following divisions:

· Elevation and azimuth domains

· CSI within each polarization and CSI between different polarization

· Long term/short term and wideband/subband CSI 

· Multi-ray amplitude/direction information and phase response

Beamformed CSI-RS based feedback techniques include virtual cell sectorization (with 1D/2D antenna virtualization)[3][4], reduced channel dimension based on Eigen-vectors of channel covariance [5][6], beam selection, etc.  It has been shown in the Study Item that these techniques provide significant performance gain.   The design of beamformed CSI-RS can be more flexible to adapt to different scenarios, number of TXRUs and different antenna configurations.   Another important application of beamformed CSI-RS is for TDD CSI measurement and feedback.  Through configuration of small number of CSI-RS ports, it is easy for TDD system to obtain RI and CQI without PMI feedback.   
To obtain more accurate CSI for each UE, beamformed CSI-RS is often considered to be generated in UE specific or UE group specific manner.  However, CSI-RS overhead can be a big issue if there is no specification enhancement.  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. 
Proposal 1：The specification enhancement on beamformed CSI-RS should consider the flexibility and overhead of beamformed CSI-RS
2.1 Beamformed CSI-RS using periodic NZP CSI-RS resources 

Cell specific manner

In the options of distinguishing the beams in port level or CSI-RS resource level, the same beam is applied in the same group of ports or CSI-RS resource.  Different beams can be applied in different groups of ports.  The extreme case is to have one port in each group i.e. one beam corresponds to one port.   One approach to support this is to use regular NZP CSI-RS resource configuration.   One example is to configure multiple CSI-RS resources, each corresponding to one beam.  In terms of standardization impact, it would be straightforward to use the current periodic CSI-RS resource to implement this.  It also has good backward compatibility.  However, the problem is waste of CSI-RS overhead and less flexibility as the group of beams need to be selected in cell specific manner.      
The resource waste issue has been investigated.  Vertical DFT beams are applied to NZP CSI-RS resources in our simulation to form virtual vertical cell sectors for antenna configuration (M,N,P,Q)=(8,4,2,32) in the 3D-UMi scenario.  Figure 1 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.   This obviously shows the waste of using periodic CSI-RS to support beamformed CSI-RS.
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Figure 1  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
Using regular NZP-CSI-RS configuration cannot truly implement UE specific beamformed CSI-RS.  If only a group of beams can be configured in cell specific manner, it can be observed there is significant performance difference from the ideal UE-specific beam as shown in Table 1. 
Table 1: Performance results of UE specific beam and cell specific group of beams 

	Scenario/

Offered Load
	Antenna Configurations

(M,N,P,Q)
	
	RU
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	3D-UMi with Offered Load=20Mbps

(λ=5)
	(8,4,2,16) 


	Beam selection
(2 Cell Specific Beams)
	0.72
	21.44
	2.83
	17.17

	
	
	UE specific beam
	0.62
	25.58(+19.3%)
	4.55(+60.4%)
	21.74(+26.6%)

	
	(8,4,2,32) 


	Beam selection
(4 Cell Specific Beams)
	0.67
	23.47
	3.94
	19.90

	
	
	UE specific beam
	0.56
	28.58(+21.8%)
	6.86(+74.3%)
	25.81(+29.7%)

	
	(8,4,2,64) 


	Beam selection
(4 Cell Specific Beams)
	0.68
	22.56
	3.55
	18.78

	
	
	UE specific beam
	0.55
	28.98(+28.4%)
	6.81(+92.2%)
	26.49(+41.1%)


UE specific manner

Another approach of implementation is to use periodic NZP CSI-RS but apply different beams in different subframes.    i.e. a serving eNB may dynamically change (in subframe level) the beamforming weights applied on a NZP CSI-RS resource configured to a UE.  In this approach, it can be seen that several subframe sets are formed for one NZP CSI-RS resources.  Within the subframe set, the beamforming weight is the same.  Between different subframe sets, the beamforming weight can be different.   Therefore, multiple beams can be formed on one NZIP CSI-RS resource.   UEs can share this CSI-RS to measure CSIs of different beams.   This approach can reduce the resource waste in some extend.  Also, it has good backward compatibility in terms of PDSCH RE mapping considering legacy UEs.  However, this limits the number of beams measured simultaneously.   It would be hard to support the techniques in which large number of beams is required.  Large time delay is introduced to complete measurement on all the beams.   This approach also puts the limitation that number of ports and pattern are required to be the same.  Therefore, this approach still doesn't give sufficient flexibility to support beamformed CSI-RS.
Observation: Beamformed CSI-RS using periodic NZP CSI-RS resources does not give sufficient flexibility to support beamformed CSI-RS.
2.2 Aperiodic beamformed CSI-RS
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.  
Measurement Flexibility: 

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 2, eNodeB can allocate RS resource in terms of port, RB and TTI which can be different for different UEs.  This means the density and pattern of CSI-RS seen by different UE can be different, number of ports can be flexibly configured, virtualization mapping to the CSI-RS ports can also be done more dynamically and more specifically for one UE or a group of UEs. 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.
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                                           Figure 2 Configuration of aperiodic CSI-RS in different domains
CSI-RS Overhead:

 Since Aperiodic CSI-RS is generated only when needed, in time domain it doesn't like periodic BFed CSI-RS which needs continuous transmission, utilization is more efficient and overhead can be reduced.   Due to high flexibility, aperiodic CSI-RS can use suitable number of ports and density for CSI measurement which increases the utilization efficiency and reduces overall overhead.  The flexibility also allows sharing the beamformed CSI-RS resource by multiple UEs more easily.  UEs with orthogonal beams can use the same time-frequency RS resources to do the CSI measurement which reduces the overall overhead.
Measurement delay:

If aperiodic CSI-RS is supported, beamformed CSI-RS can be immediately triggered and transmitted after the beam selection.  Compared to Periodic BFed CSI-RS with UE specific manner, CSI delay substantially decreases especially when number of active UEs is large.
Interference coordination
Flexibility of triggering aperiodic CSI-RS is high.  Therefore, it can more easily to do interference coordination between cells or virtual cells. 
We summarize the comparison among the three beamformed CSI-RS transmission schemes in the table below: 
	
	Periodic BFed CSI-RS
(Cell specific manner)
	Periodic BFed CSI-RS
(UE specific manner)
	Aperiodic 

BFed CSI-RS

	Overhead and efficiency
	       High 
	  Medium
	    Low

	Measurement Flexibility
	Low
	  Low
	High

	Measurement delay
	Medium
	  High
	Low

	Standardization effort
	Low
	Medium
	Medium

	Interference coordination Flexibility
	Low
	  Low
	High


Proposal 1：Introduce Aperiodic CSI-RS in Rel-13

3. Specification Impacts of Beamformed CSI-RS
2.1 Periodic BFed CSI-RS 
Specification impact of periodic BFed CSI-RS in cell specific manner is mainly on how to configure multiple CSI-RS resource/resource set/port group within a CSI process.  The configuration is discussed in our companion contribution[7].  Specification impact of periodic BFed CSI-RS in UE specific manner is mainly on measurement restriction which is also discussed in another contribution [8].   Here we mainly discuss about the specification impact of aperiodic beamformed CSI-RS.
2.2 Aperiodic Beamformed CSI-RS
There are two alternatives on the transmission of aperiodic Beamformed CSI-RS in time domain:
· Alt-1：Configure CSI-RS resource pool.  Transmit the aperiodic CSI-RS from the resource pool which is closest to the aperiodic CSI triggering.
· Alt-2：Transmit the aperiodic CSI-RS in the subframe of aperiodic CSI triggering
Alt-1 can be interpreted as introducing the transmission/measurement restriction based on periodic UE specific BFed CSI-RS.  If the need of aperiodic CSI-RS is small, the resource pool can be re-used for data transmission but the PDSCH RE mapping needs to adapt to the dynamic change. 
Alt-2 is pure aperiodic CSI-RS in which the transmission is tied to CSI trigger subframe.  The CSI delay is smaller compared to Alt-1.  As it can happen at any subframe most of the cases,  it has higher flexibility considering spatially multiplexed CSI-RS and interference coordination among users.

For both Alt-1 and Alt-2, the specification impact is similar if it needs the dynamic change of PDSCH RE mapping in order to save overhead.  Considering higher flexibility of Alt-2, we slightly prefer Alt-2.
Proposal 2：Adopt flexible approach (Alt-2) for supporting Aperiodic Beamformed CSI-RS 

Impact on RRC configuration：

Considering the aperiodic nature of aperiodic CSI-RS, it is not suitable for periodic CSI feedback on PUCCH.  Therefore, the design can consider only for aperiodic feedback on PUSCH.  One simple way to do it is to configure multiple CSI-RS resources and have one bit RRC indication to indicate whether this is periodic and aperiodic CSI-RS.  If it is aperiodic CSI-RS, the subframeConfig information in RRC signaling is ignored or skipped. 
Impact on UL Grant

Once aperiodic CSI-RS is identified, the aperiodic CSI triggering can follow the current approach of using combination of RRC and DCI signaling to trigger the CSI feedback associated with desired CSI-RS in the CSI process.  No additional DCI bit is required on UL grant.
Impact on DL Grant

Impact on DL grant is related to PDSCH RE mapping.  One issue for aperiodic CSI-RS is backward compatibility issue in terms of PDSCH RE mapping.  For TM10 UEs in Rel-11, the UEs can select different ZP-CSI-RS resources for different PDSCH RE mapping in different subframes using PQI signaling in DCI Format 2D.  Multiple ZP-CSI-RS resources can be configured taking into consideration of the potential aperiodic CSI-RS.  If the aperiodic CSI-RS is triggered for another UE, the ZP-CSI-RS resource including the aperiodic CSI-RS resource should be selected accordingly.  For legacy UEs using non-TM10, only one ZP-CSI-RS resource can be configured.  The system should avoid trigger aperiodic CSI-RS outside the common ZP CSI-RS resource when these UEs are scheduled.  Otherwise, puncturing is needed for those UEs.
Observation：Reusing the flexible PDSCH RE mapping supported in Rel-11 CoMP can solve the PDSCH RE mapping issue related to aperiodic CSI-RS.
Proposal 3:  Introduce one bit RRC signaling for each CSI-RS resource to  indicate whether the CSI-RS resource is aperiodic.  Apply single subframe resource restriction if it is aperiodic CSI-RS.
4. Conclusion

In this contribution, different schemes using beamformed CSI-RS is discussed and evaluated.  Potential gain of UE-specific beamformed CSI-RS  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.  Our proposals are summarized as below:
Proposal 1：Introduce Aperiodic CSI-RS in Rel-13

Proposal 2：Adopt flexible approach (Alt-2) for supporting Aperiodic Beamformed CSI-RS 
Proposal 3:  Introduce one bit RRC signaling for each CSI-RS resource to  indicate whether the CSI-RS resource is aperiodic.  Apply single subframe resource restriction if it is aperiodic CSI-RS.
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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: (M,N,P,Q)=(8,4,2,16/32/64）

Receiver: 2Rx cross-polarized antenna at UE

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

	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, PMI feedback

	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
	FTP1 model with 0.5Mbyte

	Feedback Assumption
	Non-ideal modeling of channel estimation error modeling 


[image: image5.wmf](

)

a

=+

HHE

%

is used, 

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

	Handover margin 
	3dB 











_1500535330.vsd
Port


RB


TTI


1


1


1


1


1


1


1


1



_1501162875.vsd
Aperiodic CSI trigger
for UE1


Aperiodic CSI trigger
for UE2


Beam v2


Beam v1


Beam v1


CSI-RS


0


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


16


17


18


19


Subframe



_1493229395.unknown

