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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. In RAN1#85, various enhancement schemes are discussed and some agreements are reached [3]. Two flexible configuration mechanisms have been agreed for improve CSI-RS resource efficiency in time domain.

Agreement:

· Scheme 1: Aperiodic NZP CSI-RS resource is supported in Rel-14 for Class B eMIMO-Type, where

· Only PUSCH based A-CSI reporting is supported.

· A new aperiodic CSI-RS resource allocation/configuration is defined

· Without Subframe_config
· Aperiodic CSI-RS transmission instance is indicated by UL-related DCI transmitted on a control channel with a CSI request field:

· Aperiodic CSI-RS transmission is in the same DL subframe as the associated UL-related DCI

· FFS whether or not the UE may not assume more than one aperiodic NZP CSI-RS resource. If more than one resource is allowed, FFS the signaling details

· FFS the number of bits for the CSI request field

· The control channel can be PDCCH or EPDCCH. FFS whether or not the case of EPDCCH can be precluded or with some restrictions/relaxations

· FFS whether or not periodic CSI-RS can be additionally configured

· Scheme 2: For Class B eMIMO-Type, the following CSI-RS resource configuration mechanism is supported 

· A UE receives an activation/release trigger containing a choice from multiple higher-layer-configured NZP CSI-RS resources for a given CSI process

· Each NZP CSI-RS resource can be either periodic or, aperiodic CSI-RS resource (if scheme 1 is supported)

· Details of the activation/release trigger (including the set of NZP CSI-RS resource configuration parameters) are FFS

· For an activation trigger received in subframe n, the transmission of the associated NZP CSI-RS resource will start no earlier than subframe n+X where X>0

· For a release trigger received in subframe n, the transmission of the associated NZP CSI-RS resource will stop after subframe n+Y where Y>0

· FFS the impact of multi-shot configuration, if supported

· FFS whether or not there are any significant issues regarding the potential misalignment about activation and/or release between eNB and UE, and if so, how to address them

· FFS whether or not to further enhance rate matching for PDSCH, particularly whether or not aperiodic NZP CSI-RS will not have impact on PDSCH RE mapping

· FFS the QCL details

· Down-selection between scheme 1 and scheme 2 (if any) to be discussed in RAN1#86

In this contribution, we further discuss some remaining issues on beamformed CSI-RS enhancement.

2. Discussion
2.1 Beamformed CSI-RS resource configuration in time domain 

Scheme 1: Aperiodic NZP CSI-RS resource；

This configuration mechanism supports the trigger of CSI-RS resource through DCI signaling dynamically if needed. Hence it has very high pilot efficiency. 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 subframe Config information in RRC signaling is ignored or skipped. 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 parameters 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.
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. In fact, the room of improvement for the CSI-RS efficiency with respect to periodic CSI feedback is quite limited, and the spec workload is low if only aperiodic CSI feedback is supported. Moreover, since the trigger of A-CSI-RS and the trigger of A-CSI can share the same signaling, the trigger of A-CSI-RS is also the trigger of A-CSI, the cost of signaling overhead in DCI is not large. 
Scheme 1 has the constraint that the transmission of CSI-RS is in the same subframe that CSI feedback is triggered. Hence the latency of CSI measurement is quite low, and the data transmission performance can be improved with more accurate CSI. Another enhancement of scheme 1 is to trigger multi-shot CSI-RS with one time of feedback, so that joint channel estimation for different time resources can be implemented. To support this, the parameter subframe_config may need to be reserved. 
Since the trigger of CSI-RS and CSI-RS transmission is in the same subframe, the UE needs to know whether CSI-RS is triggered after DCI is detected. Then the calculation of CSI is started. If ePDCCH is used to trigger CSI-RS, the time left to do CSI calculation is rather limited. One simple solution is to constrain the trigger of CSI-RS in PDCCH only. Another enhancement is to specify some constraints on the CSI-RS configurations and feedback configurations for ePDCCH triggering. For example, a relaxation of CSI calculation time can be the CSI report is extended from 4 subframes after triggering to 5 subframes after triggering. 
Scheme 2: dynamic activation/release NZP CSI-RS resource
This approach can also be utilized to activate and release the periodic or aperiodic CSI-RS resources flexibly. Hence the efficiency of CSI-RS resources can also be improved. However, if only the periodic resource pool can be configured, the RS efficiency is not as high as Scheme 1. 
Compared to Scheme 1, this approach can support periodic CSI feedback. However, as we analyze above, it does not increase the RS efficiency remarkably. On the other hand, the support of periodic CSI feedback for the flexible activation/release costs much more spec impact than aperiodic CSI feedback. 
As the activation/release of the CSI-RS signaling is departed from the CSI triggering in Scheme 2, the triggering of aperiodic CSI is required to be sent a few subframes later after the activation of CSI-RS resource. Hence extra DCI overhead has to be introduced. Another configuration method is to ensure the activation signaling and A-CSI triggering are in the same subframe. Although is extra DCI overhead is saved, the processing time for UE to calculate CSI is even shorter. Additionally, in the case that multiple CSI-RS resources are configured, in order to support the flexible switch in time domain, the overhead problem is even more critical for Scheme 2. 
For Scheme 2, the transmission of CSI-RS can be one or more subframes later after receiving the activation signaling. Hence the process time for UE is not limited. 
The cons and pros for these two schemes are summarized in Table 1.
Table 1: Comparison of Scheme 1 and Scheme 2
	
	CSI-RS Resource efficiency
	Standard impact
	Signaling Overhed
	Processing time
	Flexibility

	Scheme1：Aperiodic NZP CSI-RS resource
	Very High
	  Small
	  Small
	    Limited
	High

	Scheme2：dynamic NZP CSI-RS resource activation/release
	High
	   Large
	   Large
	Free
	Medium


It can be observed that Scheme 1 is very flexible with high RS efficiency and low overhead. If Scheme 1 is supported, the support for Scheme 2 on the optimization for periodic resource is unnecessary with high spec impact and signaling overhead. For the issue of CSI processing time, as the dimension of BF CSI-RS ports do not exceed 8, some restrictions/relaxations on CSI processing can help to remit this issue. Moreover, we can also consider the development of the UE capability in future. 
Proposal 1: Down-selection is needed and Scheme 1 should be supported in Rel-14.
Proposal 2: Further study the restrictions/relaxations on CSI processing to solve the issue of limited processing time.
2.2 Beamformed CSI-RS resource configuration in frequency domain 

In current specification, all the ports of periodic CSI-RS are mapped 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. The ports of BF CSI-RS are virtualized from multiple TXRUs. As each of the BF CSI-RS ports is directional after precoding, some of the multiple paths are filtered. Hence the fading of the channel is less frequency-selective. On the other hand, for aperiodic BF CSI-RS, the UE can only measure the partial bandwidth that the eNodeB is interested in. Thus CSI-RS is not required to be transmitted in all the RBs of the whole bandwidth. 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: If aperiodic CSI-RS is supported，flexible CSI-RS location and/or density configuration should be considered.
2.3 Beamformed CSI-RS resource multiplexing in spatial domain 

Spatially multiplexed beamformed CSI-RS can be used to transmit more ports of CSI-RS in less resource by implementation based on the orthogonality of the BF CSI-RS. If the number of multiplexed ports is large, the reduction of pilot overhead is considerable. If the size of the antenna array is large, the orthogonality of the beamforming used for the BF CSI-RS is efficient. However, if the UE’s scattering is rich, the inter-port interference may affect the performance. Hence we need to further exploit the more accurate port pairing and the interference cancellation mechanism in Rx. For example, eNodeB can indicate the UE some information which is helpful to perform interference cancellation. 
3. Conclusion

In this contribution, we discuss the potential enhancements on beamformed CSI-RS, aperiodic CSI-RS is a promising method which should be supported in Rel-14.  Our proposals are summarized as below:
Proposal 1: Down-selection is needed and Scheme 1 should be supported in Rel-14.

Proposal 2: Further study the restrictions/relaxations on CSI processing to solve the issue of limited processing time.

Proposal 3: If aperiodic CSI-RS is supported，flexible CSI-RS location and/or density configuration should be considered.
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