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1. Introduction
In RAN#71, a WID [1] on EBF/FD-MIMO has been approved.  The work item aims to further 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, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission

· Beamformed CSI-RS, supporting CSI-RS resource utilization with improved efficiency for UE-specific beamformed CSI-RS including specifying support for aperiodic CSI-RS 

· Evaluate and, if needed, specify enhancement on uplink DMRS to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation 
In this contribution, we discuss potential enhancements on beamformed CSI-RS
2. Beamformed CSI-RS in Rel-13
In Rel-13, beamformed CSI-RS based measurement and CSI feedback have been introduced.  Beamformed CSI-RS configuration can be supported in the following manners:
Class B with multiple CSI-RS resources(K>1): the beams are distinguished in CSI-RS resource level, the same beam is applied in the same CSI-RS resource, different beams can be applied in different CSI-RS resources. 
Class B with one CSI-RS resource(K=1):  the beams are distinguished in port level, the same beam is applied in the same group of ports in the configured CSI-RS resource, different beams can be applied in different groups of ports.

Since it is straightforward to reuse the current periodic CSI-RS resource to support beamformed CSI-RS, the standardization impact on CSI-RS configuration is small in Rel-13. Beamformed CSI-RS can be considered to be generated in cell specific manner, UE group specific manner or UE specific manner. For virtual cell sectorization (with 1D/2D antenna virtualization)[3][4], cell/UE group specific manner is preferred and for reduced channel dimension based on eigen-vectors of channel covariance [5][6], beam selection in TDD MIMO system etc., UE group/UE specific manner is preferred. For supporting more beams in each CSI-RS resource, measurement restriction can be configured to use periodic NZP CSI-RS but apply different beams in different subframe, i.e. a serving eNodeB may dynamically change (in subframe level) the beamforming weights applied on a NZP CSI-RS resource configured to a UE. For each port, in different subframes, the beamforming weights can be different if MR is ON. Multiple UEs can share this CSI-RS resource to measure CSIs of different beams.   This approach can reduce the resource waste in some extent.  Also, it has good backward compatibility in terms of PDSCH RE mapping considering legacy UEs.
Although this Rel-13 approach is simple and has good backward compatibility, the problems of beamformed CSI-RS in Rel-13 are not efficient and flexible enough to obtain better performance with small CSI-RS overhead in the system. 
For cell specific manner with MR, since the periodicity, power, number of ports, density, K value should satisfy the maximum requirement of a large number of UEs which share the CSI-RS resource, it is not very efficient. 
For UE/UE group specific manner without MR, each UE/UE group can be configured with K beamformed CSI-RS resource, in this case, CSI-RS overhead will be obviously increased when number of UEs is large.
For UE/UE group specific manner with MR, periodic CSI-RS resource can be divided to multiple parts in time domain, different weights for port virtualization can be used for different parts of  periodic CSI-RS resource, different UE/UE group can perform CSI measurement based on different part. if a large number of UEs can be configured to share one  periodic CSI-RS resource with MR, resource utilization can be efficient.  However, when the active UEs is not enough, always periodically transmit UE specific CSI-RS is not efficient as most of them each UE occupies one set of beamformed CSI-RS.  This affects the average overhead of CSI-RS required in the network.
Proposal 1： Enhance the flexibility and efficiency of beamformed CSI-RS in Rel-14
3. Enhance beamformed CSI-RS by aperiodic CSI-RS
Aperiodic beamformed CSI-RS is a promising scheme which has been proposed in Rel-13 FD-MIMO. As an important  candidate for flexibility and efficiency enhancement, it should  be further studied  in Rel-14 
CSI-RS Overhead: Since aperiodic beamformed CSI-RS is generated only when needed, in time domain it doesn't like periodic CSI-RS which needs continuous transmission, when the number of active UE is not so large, for both beamformed and non-precoded  CSI-RS, resource utilization is more efficient and overhead can be reduced.  
Due to the high flexibility, aperiodic beamformed 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 RS resource by multiple UEs more easily.  For further overhead reduction, UEs with orthogonal beams can use the same time-frequency RS resources to do the CSI measurement which reduces the overall overhead.
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 1,for aperiodic beamformed CSI-RS, 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. For beamformed CSI-RS, 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 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 1 Configuration of aperiodic beamformed CSI-RS in different domains
Measurement delay:

For aperiodic beamformed CSI-RS, it can be immediately triggered and transmitted if eNodeB want to update the CSI.  Compared to periodic beamformed CSI-RS with UE specific manner(with MR), CSI delay decreases especially when number of active UEs is large.
Interference coordination
Flexibility of triggering aperiodic CSI-RS is high, dynamic selection of CSI-RS pattern in each subframe can also be considered.  Therefore, it can be more easily to perform interference coordination between cells or virtual cells. 

We summarize the comparison among the three beamformed CSI-RS transmission schemes in the table below: 
	
	Rel-13 BFed CSI-RS
(Cell specific,w/o MR )
	Rel-13 BFed CSI-RS
(UE specific,w/o MR )
	Rel-13 BFed CSI-RS
(UE specific,with MR )
	Aperiodic 

BFed CSI-RS

	efficiency
	Low
	Low
	 Medium
	    High

	Measurement Flexibility
	Low
	High
	 Low
	High

	Measurement delay
	Medium
	Medium
	 High
	Low

	Compatibility
	Good
	 Good
	Good
	Medium

	Coordination Flexibility
	Low
	Medium
	 Low
	High


Proposal 2：Introduce aperiodic beamformed CSI-RS  in Rel-14
4. Specification Impacts of Aperiodic CSI-RS
CSI-RS Mapping :
In current specification, all the ports of periodic CSI-RS mapping to all the RBs of  the whole bandwidth.   For higher flexibility, aperiodic CSI-RS can support mapping to partial RBs only. Mapping can be flexibly configured with different location and/or density. One example is to configure half of the aperiodic CSI-RS in an odd RB and another half in an even RB.  This can reduce the overhead of beamformed CSI-RS and at the same time compatible with the PDSCH RE mapping.  Another way is to configure aperiodic CSI-RS only in a RB group which is configurable by the network.  To avoid PDSCH RE mapping issue for other UEs, this configuration can be restricted to the scheduled PDSCH RB resources of the target UE.  This flexibility can reduce the CSI-RS overhead in the system
Proposal 3:  Allow mapping a CSI-RS port to partial RBs of whole bandwidth in Rel-14 
CSI-RS Configuration:
Considering the aperiodic nature, aperiodic CSI-RS is not suitable for periodic CSI feedback on PUCCH.  Therefore, the aperiodic CSI-RS configuration 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.  Additional signaling of density and location can be added to support flexible aperiodic CSI-RS configuration.  e.g. Density can be either 1 RE/port/RB or 0.5RE/port/RB, location can be the scheduled PDSCH resources or particular RB resources.
As the same as configuration of aperiodic SRS, multiple CSI-RS parameter sets corresponding to multiple aperiodic beamformed CSI-RSs should be considered to configured in a CSI process, eNodeB can trigger either one or more aperiodic beamformed CSI-RSs for CSI measurement  when needed. Since eNodeB can configure different port number/pattern/power/density/location/sequence in different sets, and trigger different aperiodic beamformed CSI-RS transmission  at different time, aperiodic CSI-RS will be flexibly implemented to obtain more gain and avoid unnecessary overhead.
Proposal 4:  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
Proposal  5:    Allow multiple aperiodic CSI-RS resources configured in a CSI process
CSI-RS Triggering 
Aperiodic CSI-RS transmission can be triggered by UL Grant or DL Grant similar to type 1 SRS.  If UL Grant(e.g. DCI Format0/4) is used,  the main benefit is aperiodic CSI-RS and the corresponding aperiodic CSI can be triggered at the same time.  The measurement can be immediately in the triggered subframe  which minimizes the measurement delay.  If the aperiodic CSI-RS is triggered by DL grant(e.g. DCI format 2B/2C/2D),  this can be used for the case when aperiodic CSI-RS is transmitted in the scheduled PDSCH.  
If multiple aperiodic CSI-RSs are configured for a UE, eNodeB can trigger one of the aperiodic CSI-RS among  CSI-RS parameter sets. 
Proposal 6: Allow triggering aperiodic CSI-RS by UL Grant or DL Grant 
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. In Rel-14, enhanced ZP CSI-RS can be further studied if necessary 

Observation：Reusing the flexible PDSCH RE mapping supported in Rel-11 CoMP can solve the PDSCH RE mapping issue related to aperiodic CSI-RS.
Spatial Multiplexing of beamformed CSI-RS ports：
if the number of UEs is large, it is possible for different UEs to spatially share the same aperiodic beamformed CSI-RS resource with orthogonal beams.  This can effectively reduce overhead of beamformed CSI-RS in the system.  The orthogonality can be further improved by configuring different sequences for interference randomization. 
Proposal 7：Spatial multiplexing of beamformed CSI-RS ports with orthogonal beams should be considered 
5. Conclusion

In this contribution, we discuss the potential enhancements on  beamformed CSI-RS, aperiodic CSI-RS is an promising method which should be considered as one of the CSI-RS enhancements in Rel-14.  Our proposals are summarized as below:
Proposal 1： Enhance the flexibility and efficiency of beamformed CSI-RS in Rel-14
Proposal 2：Introduce aperiodic beamformed CSI-RS in Rel-14

Proposal 3:  Allow mapping a CSI-RS port to partial RBs of whole bandwidth in Rel-14 
Proposal 4: 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
Proposal  5:   Allow multiple aperiodic CSI-RS resources configured in a CSI process
Proposal 6: Allow triggering aperiodic CSI-RS by UL Grant or DL Grant 
Proposal 7：Spatial multiplexing of beamformed CSI-RS ports with orthogonal beams should be considered
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